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ABSTRACT
The primary objective of this study was to develop a 
practical and efficient method for determining the quality 
of an individual bundle or consignment of sugar cane as a 
basis for payment to the growers. Quality considerations 
that were sampled and tested were pol, purity, and fiber of 
the cane.
Samples of sugar cane that are representative of the 
quality factors and are small enough for processing by cur­
rent methods are very difficult to obtain because of the highly 
variable character of commercial bundles of sugar cane. Samp­
ling methods evaluated (which included the present method for 
comparative purpose) were the (1) 6-stalk, (2) 10-stalk,
(3) 32-stalk quadrant, (4) single mechanical grab, and (5) 
composite mechanical grab sampling methods. These sampling 
methods were tested intensively and over a period of three 
years. In addition, a core method of sampling was devised 
and tested during the period of two grinding seasons.
Reliability of two methods of processing the samples 
was tested - the Farrel Mill was deemed adequate and selected 
because of its consistancy and dependability, and the chipping- 
Waring Blender method was eliminated for its lack of reliability 
and precision.
xii
The commercial mill results for a given bundle of cane 
were considered as standard basis of quality (true measure­
ment: of the quality of the individual consignment).
The results of the different sampling methods were 
compared with the results obtained by grinding the remainder 
of the bundle of sugar cane on the commercial tandem of the 
Audubon Sugar Factory at Louisiana State University.
By studying variations in cane quality factors occurring 
in an area of sugar cane that could reasonably produce a 
bundle of commercial cane, it was found that variance between 
the sample results and mill results could reasonably have 
been due to variation in quality within the sample and not 
necessarily due to the sampling method.
For all practical purposes, none of the sampling methods 
tested were found superior to the other sampling methods 
being used.
The core sampling method was developed and was used 
during the 1958-59 and 1959-60 grinding seasons. Experiments 
as to coring positions revealed no significant difference 
in results as to positions of the bundle that was sampled.
Two positions (one core sample near each of the two chains) 
were considered to be the most suitable points for removing 
the core.
The proportion of fiber in cane is not used as one of
xiii
the quality factors entering into the price determination for 
sugar cane. Although judgment and logic indicate that 
amount of fiber should be considered in determining price, 
and although fiber content of cane was tested as one of the 
quality factors, no specific value or weight for fiber was 
attempted.
From the analysis of the correlation coefficient, it was
found that the ratio (Fiber/Pol) is a good index for thecane °
measure of quality of the sample. The ratio (Fiber/Pol)cane 
close to unity is a qualitative measure of the quality of 
cane sample. Two equations were developed and it was found 
that the equations are quite valid within the range of the 
variability of the observed data.
xiv
CHAPTER I 
INTRODUCTION
The purpose of this study was to investigate the possi­
bility of developing a method of cane testing which could be 
used as a basis for the cane payment system. The subject is 
not new, nor is the problem limited to any particular country.
Generally speaking, cane as bought from growers by 
millers is either paid on a weight basis, or the price of the 
cane is controlled by the quality of the cane. There are 
hardly two countries in which the price is based on quality, 
where the quality of the cane is assessed by identical 
methods. This is partly due to the divergence of opinions 
on how to define "quality" and partly for want of practi­
cable methods of assessing accurately the combination of 
properties which are considered to constitute "quality."
In some sugar producing countries, e.g., Natal, quality 
is identical with sucrose content. The fact that the manu­
facturers and growers have agreed on this basis does not 
necessarily imply that sucrose content of cane is the only 
factor influencing manufacturing results. If it is accepted 
that the quality of cane is tantamount to the value cane has 
to the manufacturers, the quality of cane is controlled by
2the amount of sugar to be made per unit weight of cane by 
normal processing methods which take into account the cost 
of processing. Neither the ratio sugar per cent cane to 
sucrose per cent cane nor the factor processing costs per 
unit weight of sugar recovered are constant. They are in­
fluenced by other factors among which the fiber content of 
the cane and the purity of the juice extracted from the cane 
are most prominent. Other characteristics have also some 
influences, but their effect is slight and no accurate mea­
sure of their quantitative effect is available. Hence, it 
is not feasible to take them into account.
It is believed that the effect of fiber and purity on 
the quality of cane can be expressed in mathematical formulae 
with sufficient accuracy that the calculated quality figure 
in which they are embodied is a better estimate of the true 
quality of the cane than the quality figure based on sucrose 
content or pol % juice extracted from the cane. Quality of 
the cane may be defined as a function of pol % cane, fiber % 
cane, the purity % extracted juice, and the extractable 
juice % cane.
The quality of the cane, as delivered to the factory, 
plays such an important role in its value and the efficiency 
of the technical process employed that any measure which can 
be taken to improve it has far reaching economic effects.
Whether cane is supplied from a large estate or a small 
independent farm, there is a growing tendency in most countries 
to find suitable incentives to raise cane quality. Since these
•' ' f
incentives involve the technical problems of sampling and 
analysis, they require a considerable amount of skilled work 
and supervision. Any improvements which can be found, either 
in the methods themselves or in their application to get a 
better quality cane, become very important.
The desirability of payment for cane on the basis of 
quality should be self evident. It is sugar in cane, not the 
fiber and the water, which is of paramount interest. Sugar 
is manufactured not in the factory but in the field. Unless 
quality is maintained by the field segment, the factory cannot 
achieve maximum efficiency in its extraction. It is well 
known that certain varieties of sugar cane are sweeter than 
others, and that ratoon crops ripen earlier than the plant 
crop. If a late maturing variety is harvested early or any 
early maturing variety is harvested too late, the quality of 
the harvested cane suffers. If there is too long an interval 
after harvest and before crushing, cane quality suffers.
Certain cultural practices are more conducive that others 
to increase the sugar content of cane, and all of these are 
more within the control of cultivators rather than that of
v
manufacturers. In most countries, every effort is made to
4ensure that the results of research are put into practice by 
the cultivators.
IThe obj ective of the present study was to develop a
*
satisfactory method to evaluate the quality of the commercial
A
shipment of sugar cane to the factories. The proposed plan 
of attack is given in a later chapter.
(
CHAPTER II 
EVOLUTION OF CANE. TESTING METHODS
Current practices for the evaluation of commercial 
deliveries of sugar cane vary widely from country to country. 
The oldest practice is based on the weight of the cane. Even 
now in most cane sugar producing areas, cane is purchased on 
the basis of weight with no regard for quality, as measured 
by Pol (apparent sucrose content), fiber content, and juice 
purity in cane. In some areas, it has been necessary to make 
numerous and frequent changes in the varieties of cane be­
cause of problems brought on by desease, insect pests, or 
labor shortage. The sugar industry has had to develop methods 
for testing cane deliveries and for the payment of such deliv­
eries on some basis other than weight alone. This led to the 
idea of evaluating cane shipment on the basis of cane quality.
The original procedures for appraising cane quality were 
based upon the analysis of the juice extracted from the cane 
shipment. The simplest method was to measure the density of 
the extracted juice from the cane deliveries. More than half 
a century ago, this procedure was common in the Louisiana 
industry and led to the wide-spread use of the Baume hydrometer 
as a means for measuring juice density and, hence, cane quality.
6The idea of measuring cane quality in terms of the 
analysis of the extracted juice grew and, as a result, 
Australia, South Africa, Puerto Rico, Louisiana, Cuba, Mexico, 
Java, and Mauritius all have developed cane evaluation and 
payment systems which take into consideration the quality of 
the juice extracted from the sugar cane. Such practices worked 
well for many years, since in the early days milling tandems 
were short and no maceration was used drying milling of the 
cane. At that time, it was possible to collect a sample of 
the mixed juice from the mill for analysis. When long milling 
tandems cane into existance and use of maceration water during 
milling operation became standard practice, the practice of 
determining cane quality from the analysis of extracted juice 
proved unsatisfactory.
Later practices were based upon the analyses of the juice 
falling from the crusher or first mill. This led to the wide­
spread use of a ndry-milling factor," which converted the 
extracted juice to the approximate normal, juice analysis, 
which the factory should get by grinding that particular 
shipment without using any maceration water. This factor is 
supposed to give the relationship between the Brix of the 
first expressed juice and the Brix of the mixed juice under 
such conditions. It was assumed that with maceration this 
same relationship would hold and, further, that the use of
7maceration would not change the purity of the extracted juice.
These assumptions are open to serious question, but the 
general practice yielded reasonably satisfactory results so 
long as the sugar factory was processing cane of a single 
variety and from the same area. In Cuba during the early 
19.20' s, it was quite common for the entire crop of a very 
large factory to be composed of one single variety. This 
situation was changed radically with the introduction of many 
new varieties following the ravages of cane diseases in Cuba 
and elsewhere. At this time, in most areas,"'it is not uncommon 
for a factory to grind from six to twenty different varieties 
of sugar cane. The number of varieties grown and the varieties 
themselves change quite rapidly. This situation has been 
further complicated during the past twenty years as the in­
creasing difficulty in obtaining an adequate supply of harvest 
labor motivated the development of machines for harvesting 
cane. These machines cut, top, and pile the cane. Due to the 
inability of the mechanical harvesters to properly top and 
clean cane, burning of cane either before or after cutting 
has become standard practice in most areas. The procedure of 
burning works well under favorable weather conditions but, 
during rainy days, it is ineffective and cane deliveries 
during such days include, in addition to what was formerly 
considered "millable" cane, quantities of tops, leaves, roots, 
soil, and other extraneous materials.
In Louisiana, because of the large amount of soil and 
extraneous matter contained in the shipments of mechanically 
harvested cane, factories today practice washing the cane as 
it enters the factory. Due to the presence of water in the 
cane prior to milling, a sample of juice collected from the 
crusher and first mill will not represent correctly the 
analysis of the cane from which this juice was obtained. This 
practice has complicated factory accounting procedures so that 
it is very difficult to properly account for the material 
which enters and leaves the factory on the basis of the old 
and usually accepted formula:
Cane + Water = Mixed Juice + Bagasse 
Another weakness in this practice of determining cane quality 
is that it involves an assumption of identical juice-fiber 
ratios in different varieties or treatments that are being 
compared. Fiber content of cane differs considerably from 
variety to variety and increases as the trash content in the 
cane increases.
Since collection of a sample at the milling plant is no 
longer feasible for the reasons mentioned above, it is neces­
sary to remove samples from deliveries prior to milling. Such 
samples are processed and analyzed, and the resulting data 
assessed to evaluate the entire deliveries. The data obtained 
from the samples are converted to hypothetical factory results
through a series of calculations. These calculations involve 
the application of a number of factors.
If a given shipment of cane is delivered to six different 
factories, it is possible to obtain six different values de­
pending on the factors used by the factory at that particular 
period. If it were possible to deliver the same shipment to 
a particular plant at different times during the grinding season 
and again assuming that the shipment had the same identical 
composition at all times, it might be possible to receive as 
many different evaluations as there had been deliveries. The 
value of a cane delivery is tied to the general performance 
of the factory and particularly to the average quality of all 
the cane delivered to that particular factory at that particu­
lar time. This has the unfortunate effect of tending to level 
out all values in terms of the average. It will be evident 
that the grower who delivers cane of superior quality would 
usually have his analyses brought down to the factory average, 
while the grower of the cane below average quality tends to 
have his analyses brought up to the average.
This has become a common problem in the countries where 
sugar cane is purchased on the basis of the average analysis 
of the day or the week or the run. The various problems 
encountered in the cane payment system will be obvious if, 
at this point, the cane payment systems employed in different
10
cane-sugar producing countries are surveyed. This is done in 
the next chapter.
CHAPTER III
MODES OF PAYMENT OF CANE IN DIFFERENT COUNTRIES
Cane Payment System in South Africa: (23) Prior to 1926
payment was on a simple flat rate irrespective of cane quality. 
In 1926, a system was adopted on the basis of sucrose content 
of cane and the purity of the extracted juice. It also intro­
duced the fiber content of cane as a factor contributing to 
value, but in practice this part of the scale was not used.
The standard of sugar also changed from refined to cargo 
(commercial) sugar of 90° Pol. The Fahey Agreement stated,
"The planter shall receive* payment in accordance with the 
chemist's scale and report (annexures* A and B), his season's 
average sucrose content determined in accordance therewith 
and subject to penalties thereon set out, being the determining 
factor." This chemist's table was a table of prices per ton 
of cane (delivered at the mill) the basis formula for which 1 
was as follows:
(1) The value of one ton of sucrose at any average value 
of 96° Pol commercial sugar
73.5 [ 7-15-9 + l/2(value of commercial sugar - 13-15-9)]
96
* Annexures A&B referred to the scale of penalties and bonuses 
according to the purity of crusher juice and fiber content.
11
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(2) The value of one ton of cane of any sucrose content 
= value of one ton sucrose (as above) x —-c -^°3e
This formula was based on the following data (i) average 
cost of producing cane is 15s 6d; (ii) average sucrose content 
of cane, 13 per cent; (iii) normal juice extraction, 73.5%;
(iv) cost of cane to produce one ton of 96° sugar, 7rl5-9;
(v) average cost of manufacturing one ton of 96° sugar is 6, 
giving a total cost of producing one ton of 96° sugar as
13-15-9; (vi) half the surplus between this basic cost and 
realized price of 96° sugar is added to the price paid for 
cane.
This agreement was revised in 1936. The following cane 
price formula was devised to permit calculation of the value 
of a ton of raw sucrose.
(Base price 96° commercial sugar - its railage) 64.3315
100 v 96 v 100 
"76" —  T
where, railage = transportation cost, 64.3315% goes to cane 
and 35.6685% to sugar.
Value of cane of any sucrose content = Value of one ton of sucrose
(as ascertained above) x sucrose content of cane/100.
Cane Payment System in Australia: In Queensland the sugar
value of cane is assessed by the C.C.S. (Commercial Cane Sugar) 
Formula; that is, such portion of the sucrose content of a 
certain quantity of cane as would be obtained in the form of
13
pure white sugar if the milling and refining could be raised 
to a prescribed imaginary standard of very high efficiency.
Waddell (48) described how the individual load is preserved 
and kept uncontaminated beyond the weighbridge to the crusher 
or first mill. Under Queensland conditions, the load identity 
between weighbridge and unloading point is usually preserved 
by truck number or marker tag; and between unloading point and 
first mill by indicators driven off the cane carrier. This is 
usually done with the aid of a coloring dye. Under operating 
conditions it is determined how much cane is required to 
absorb the contamination of one grower's cane with another 
due to overlap and slip on the carrier; the scatter of chips 
from the revolving knives and irregularities in feed to the 
first roll. At some mills this band of contaminated cane on 
either side of the cane for sampling was as low as 1.3 long 
tons to as high as 2.5 tons.
The first expressed juice is analyzed for Brix, Pol and 
Purity. The average first expressed juice sampling rate in 
Queensland is one sample for about every 12 long tons of cane. 
The average number of independent farms supplying each mill 
in Queensland is about 250.
The daily or weekly average Java Ratio or other factors 
are supposed to take care of the main variations in quality 
as between individual growers. But for the past 40 years
14
Queensland has experienced the fact that the variation in fiber 
and insoluble solids content of gross cane exerts a very im­
portant influence on the value of cane from different farms.
The C.C.S. formulae is given as follows:
c  c  s _  3P  /  .  5H£ \  B y  3W  \
U.L.b. - 2 ^ 1 - 10Q j - 2 1 - 100 )
where F is the fiber content of the cane
P is the "Pol" of the juice produced by the front 
roller of the first mill
B is the Brix of the juice produced as above
In many of the mill districts in Queensland there has 
been introduced a scheme called the "Relative Percentage Scheme," 
which appears to be very equitable. In this scheme the season 
is divided into weekly periods and cane growers are paid accord­
ing to the weekly average quality. Cane having a sugar content 
above the average of the week is paid for at a proportionately 
higher rate and conversely in the case of lower than the average.
Cane Payment System in Antigua: (23) In Antigua, at a 
factory run on a semicooperative basis, the planters receive 
payment in sugar but only at the rate of 45 Kg. per 1000 Kg. 
of cane initially. When the season is over and the profit 
or loss statement completed, the profits are divided into 
two equal parts, half being credited to the plaiters (pro 
rata according to cane delivered) and the other half to the 
share holders of the mill.
15
Cane Payment System in Cuba: (2) In Cuba each mill pays
the growers collectively a price per ton of cane according to 
the overall recovery of the mill and price of sugar for the 
mill for the season. With the exception of two factories, 
each grower in any one mill area gets the same flat rate 
regardless of individual cane quality. Growers supplying 5,000 
short tons of cane or less receive 50% of the raw sugar value; 
between 5,000 and 7,000 tons, 49.5% and over 7,000 tons, 49%.
At two of the mills, each railroad car is sampled at the first 
roller and the growers1 price adjusted individually. This 
has resulted in an increase in the quality of cane in these 
particular mill areas since the growers became quality minded.
Cane Payment System in India; (23) The Sugar Industry 
of India is spread over a subcontinent with varying conditions.
Some factories crush for 90 days while others operate for 200 
days. The establishment of a minimum price for sugar cane 
was first done on a state level in 1935 and since 1951 it 
has been done by the Central Government. The Government of 
India evolved the following formula in 1953.
Minimum _ X  P - (taxes + sales commissions + d)________
cane price 100 x Quantity of cane required for one maund of sugar
where X is the % share of net price payable as cane price
P is the average price of cane
d is the allowance for duration of season
16
This formula introduced a variable percentage share in 
different regions and also involved an arbitrary factor "d."
Cane Payment System in Java; (2) Generally, the sugar 
factories in Java did not buy sugar cane from the growers.
They planted, cultivated, and harvested their own cane. 
However, there were few large estates, which grew cane ex­
clusively and did not own a factory. Recently the number of 
individual cane growers has increased and almost one third of 
Java's cane supply comes from small cultivators. The law 
provides for sampling of first expressed juice from individual 
cane deliveries. Recoverable sugar content is estimated by 
the formulae S - 0.4(B-S) where, S and B represent % Pol and . 
Brix of the first expressed juice. This rendement multiplied 
by tons cane and sugar price and by a factor worked out by 
each mill gives the cane payment of each grower. From this 
it will be obvious that if the same cane were supplied to 
different factories the price might be different due to the 
factor obtained at different mills.
Cane Payment System in Hawaii: (23) In these islands the 
great bulk of the cane is raised by the plantation companies. 
In a few areas, there are planters who grow cane and supply 
it to the mills under contract.
The "standard" of the quality is based on "eight tons of 
cane should produce one ton of sugar of 96° Pol." The mill
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pays the planter according to the index of standard cane. The 
price of cane is based on the average of the daily open market 
quotation per pound of sugar (96° Pol) in New York for the
month during which the cane deliveries were made.
The premium and the penalties are imposed on the growers' 
cane as it yields higher or lesser amount of sugar respectively 
than that of the "standard cane" (eight tons of cane should 
produce one ton of sugar of 96° Pol).
Cane Payment System in Louisiana: (33) The method of 
determination of the share of the growers is fixed by the 
"Fair Price Determination" for the year in which the delivery 
is made. This Determination is issued by the Sugar Section, 
ASC, USDA under the terms of the Sugar Act of 1956. The 
growers' cane is sampled from the carts either manually or 
mechanically and the sample is crushed in a laboratory mill.
The juice is analyzed for Brix, % Pol and purity. The sample
ground on the laboratory mill is the sugar cane as delivered 
to the mill; i.e., before detrashing and is properly identified 
with respect to each producer. Brix and Sucrose Factors are 
applied to sample mill juice analyses. Payment is based on 
% Pol as thus determined, no account being taken of the other 
factors that affect the recovery of sugar. The schedule of 
payment stipulates cane of a certain quality as 1 0 0 % "standard" 
cane. For the cane of this quality, the grower is paid
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at the rate of approximately one dollar per ton for every cent 
in the prevailing price per pound of 96° sugar. For every
0 .1 % sucrose difference in favor of cane supplied, the quality 
index increases by 1 unit over the 100% standard. On this 
basis, if the quality of the "standard" cane is fixed at 1 0 % 
recovery and the cane supplied by a grower is of standard
quality, the grower receives 63% of the value of the sugar
made from it. For any improvement over the "standard," the 
conversion factor noted above is applied and the same 63% 
division applied to the "converted" tonnage.
Except for "salvage" sugar cane, gross sugar cane is con­
verted to standard sugar cane on a daily or weekly basis by 
first determining the weight of trash-free or net sugar cane, 
then by multiplying the net result by the applicable sucrose 
conversion factor, and finally by multiplying this adjusted 
quantity by the applicable purity factors provided in the 
table in the "Determination." Keller and Seip discussed the 
evolution of the Louisiana cane payment contract in the
Bulletin No. 14, Engineering Experiment Station, published
at Louisiana State University in 1948. Bianchi and Keller (9) 
have discussed the effect of mechanization on factory opera­
tions of the Louisiana industry.
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Cane Payment System in Mexico: (22) The first rules for 
cane payment were promulgated on December 24, 1941, and are 
still in force with slight amendments. They stipulated a 
uniform price per ton of cane delivered at the factory yard 
during the grinding season. Cane payment is ruled at present 
by the Cane Decree of March 29, 1944.
The cane from each run, independent of the actual yield, 
is paid at the average general price established beforehand 
for a hypothetical yield which would be close to the average 
yield of the run. Cane producing larger yields is allowed a 
proportional premium and cane producing lower yields is 
penalized also proportionally.
At the end of the crop season, when the final report is 
completed and the price that the factory will pay for the 
sugar is declared, the necessary correction to the provisional 
price to be paid to the growers in each run is made. This 
system requires the adjustment for the analyses of the in­
dividual cane deliveries according to the factory yield for 
each run.
Cane Payment in Mauritius: Cane from estates and from
independent planters is analyzed at the mill for Brix and 
apparent purity of first expressed juice and fiber in cane.
The first expressed juice is converted to absolute juice by 
a factor and the estimated recoverable sugar in cane calculated
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by S.J.M. formula using a standard boiling house recovery. 
Two-thirds of this sugar value goes to the grower and one- 
third to the miller. The growers also receive a one-third 
share of molasses. Mauritius has many small growers; about 
half of the cane comes from the estates, one-quarter from 
large growers and one-quarter from growers with less than 
1 0  acres of land.
Cane Payment System in the Philippines: (2) About 99% 
of the cane crushed in the Philippines' factories is supplied 
by the independent farmers, who have their deliveries sampled 
for %, Pol and Brix of the first expressed juice. From this, 
the piculs sugar per ton cane is estimated from simple tables 
adjusted to the actual factory bagged sugar at the end of 
each cane payment period, and the grower divides the cal­
culated raw sugar in the bag from his cane with the miller.
The growers receive 60 to 65% and the millers receive 40 to 
35% according to various long term contracts. A minimum 
factory performance is included in the new contracts. A 
strict control of daily cane deliveries is maintained through 
the distribution of the empty cars on the milling company's 
own railroad.
Cane Payment System in Puerto Rico; (23) The usual payment 
is in terms of the value of sugar, the planter receiving so many
21
Kg. per ton of cane delivered by him, reckoning 1,000 Kg. per 
ton. A planter receives 2/3 of the extraction (sucrose) of 
the mill in Kg. per ton of cane which he delivers. This is 
based on the actual results of the mill.
To calculate the probable amount of sugar which cane of 
a given sucrose content may be expected to yield, the Central 
Board, after consulting with the Societe des Chemists, adopted 
the following method:
V F
(i) Mill extraction 100 - loo" ~F v *-8 equal to
35.0 (this gives 95% for 12.5% fiber)
(ii) Boiling House Recovery = S.(J"M), x 9 9
J(S-M)
where S = purity of sugar manufactured - 99.0° Pol
J = purity of mixed juice (clerget)
M = purity of final molasses
Overall recover - M m  extraction x Boiling House Recovery er recovery - 1 0 0
The payment is not made on the quantity of sugar estimated 
to have been actually recovered in the factory which crushes 
the sugar cane. Here again, simple sucrose per cent juice is 
adopted to present sucrose recovered. A rough and ready index, 
quite suitable where much variation in cane does not exist, 
is used.
Cane Payment System in Reunion: Hugot (26) discussed
the payment of cane on an extractable sugar basis as adopted
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in Reunion before 1954. Until 1954, payment of cane was made 
on a flat weight basis. The growers received in cash per ton 
of cane two-thirds of the production cost of the average sugar 
per ton of cane plus two-thirds of the profits accruing from 
the by-products, rum, alcohol, and molasses.
The author developed a new formula which took into account 
the influence of fiber per cent cane on extraction. This new 
system has several interesting features: (i) the basis adopted
is not a sugar % basis but an extractable sugar bases; (ii) the 
general coefficient ensuing was left variable in order to take 
into account (a) particular efficiency of the factory (b) the 
titre* of the sugar which may differ from 97° and (c) the vary­
ing exhaustibility of the molasses. The formula which was 
worked out by the author is discussed in the succeeding chapter.
Cane Payment System in Taiwan: (14) In Taiwan, the sugar 
cane is harvested manually and as a result the factory receives 
clean cane. The payment of sugar cane is based on the sugar 
cane contract. The growers are paid 50% of the sugar value 
of the cane. The quantity of sugar shared by the growers and 
the manufacturers depends upon the total cane ground and total 
sugar produced during each run or period. The sugar factory 
operates seven days a week. One run or period lasts about
* French titrage is equal to sucrose - 2 times glucose - 4 times ash
Titrage = sucrose - 2 glucose - 4 ash.
three or four weeks.
For the past five years, the Taiwan Sugar Corporation has 
been trying to introduce the payment of cane on the quality 
basis. No satisfactory method has yet been developed. The 
payment of cane is still on the weight basis. The company 
announces the basis of cane payment each year. The company 
attempts to provide a reasonable price to the growers. This 
insures that the growers will not receive payments lower than 
'la certain minimum value. „The growers receive certain other 
facilities from the company because of this sugar cane contract.
From a brief review of the cane payment systems of the 
different cane sugar producing countries, it is evident that 
each country has a number of peculiarities which cause it to 
differ from the others, but there are some general principles 
that should be considered in any system intended to pay for 
sugar cane quality. The common principles are as follows:
(i) The system should be as simple as possible and with 
convenient provisions to permit future improvements,
(ii) The small farmers should be arranged in groups of 
similar quality, if possible.
(iii) The sampling of the factory’s first expressed juice 
and the analysis of a few stalks are objectionable 
to the growers and to the factory.
(iv) There should be some practical way to take into
account the mill extraction and the fiber content 
of any particular sample in the calculation of re­
coverable sugar. Two cane samples with equal 
sucrose and juice purity may have different values 
of per cent fiber.
(v) It should be provided, in connection with the theore­
tical calculation of recoverable sugar, to take 
into consideration the other factors which may affect 
the quality of the cane.
(vi) The payment for quality should be complemented with 
a comprehensive extension and demonstration service, 
and; with more extensive financial facilities to 
carry out this work.
The main .factors which influence the quality of commercial 
consignments may be listed as follows:
(a) Variety— it is agreed that of all factors, variety 
is quite often the most significant. This is all the more.so 
when an area is growing such diverse varieties as, an early 
maturing high-sugar variety, a mid-season to late season low- 
sugar variety and very late variety. It would, therefore, 
appear to be desirable to link quality, to a considerable 
extent with variety.
(b) Planting--it is hardly necessary to say that ratoons 
mature earlier and their crushing in the early part of the
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season is an attempt to avoid low recovery in the beginning 
of the season. This also helps the industry to start crush­
ing earlier. In view of the fact that the ratoons have higher 
sugar content in the early period and the varietial difference 
persists in ratoons also, it is logical to take planting into 
consideration in evaluating sugar cane deliveries.
CHAPTER IV
REVIEW OF LITERATURE ON CANE PRICE FIXATION ON THE BASIS 
OF QUALITY OF THE INDIVIDUAL CONSIGNMENT
Numerous workers have done various types of field sampling 
of sugar cane to estimate the yield and quality of the variety 
in question. Chinloy and Innes (12) adopted a purely random 
mechanism to obtain a truly representative sample of the field 
under investigation. This enabled them to avoid any bias 
which might have existed in the compromise of selective and 
random sampling techniques. Rojas (40), in designing a sampling 
method for the estimation of the degree of intensity of borer 
attack, took a selected area and divided it into 5 zones, one 
at each of the four corners and one at the center. He took 
2 0  stalks from each zone allowing equal probability of being 
sampled to each of the stalks within the particular zone, in 
other words a random sampling method was followed at the 
particular zone. In order to make the sample more represen­
tative, he made a compromise between the selective and random 
sampling techniques. Khanna, Sen, and Bondyopadhya (30) con­
ducted a study on field sampling of sugar cane and concluded 
from their statistical analysis that various factors are 
involved in getting a truly representative sample from a field 
of a single variety of sugar cane. Arceneaux (6 ) reported a
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typical sugar cane variety test as conducted by the United 
States Department of Agriculture at Houma, Louisiana. ■ This 
plot consisted of two 6 x 6 Latin squares (12 plots of each 
6 varieties) with individual plots of 1/40 acre. At harvest 
a sample of cane usually consisting of 30 stalks was taken 
from each plot and a juice analysis was made of each sample. 
The average juice analysis for each variety was based on 12 
such samples. The measurements of varietal average yields 
of sugar per ton of cane based on a 3-stalk sample from each 
plot were found to represent a higher degree of statistical 
accuracy than did the parallel measurements of average yields 
of cane per acre.
Very little work has been done on designing a method for 
collecting a representative sample from a commercial consign­
ment of sugar cane. The size of commercial shipments of 
sugar cane varies.from country to country. In Louisiana, 
commercial shipments of sugar cane are received in bundles 
which weigh two to four tons each and contain from 2,500 to
3,000 stalks. Melis and Keller (34) conducted experiments, 
during the 1952-53 and 1953-54 grinding seasons at the Audubon 
Sugar Factory, for evaluating sugar cane shipments. From 
two years' experimental results they concluded that a sample 
composed of 1 0 to 2 0  stalks was fairly good to give an esti­
mation of the quality of the shipment.
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Arceneaux and Hebert (4), in connection with sugar cane 
variety evaluation tests, carried out experiments at Houma 
Station (Louisiana) for high extraction with the experimental 
milling unit at the Houma Station. They conducted tests with 
different varieties of sugar cane. Each sample of cane was 
milled four times under a hydraulic pressure 2.286 tons/linear 
inch of roll under standardized conditions of 18% maceration 
divided evenly between the last three millings. With dif­
ferent varieties they showed that the correction factor for 
any variety, when based on a sufficient number of tests for 
the required degree of accuracy, would be widely applicable 
within the region of cane supply. The experimental results 
also suggest that a regionally representative value of the 
varietal correction factor can be obtained from results of 
such tests under limited conditions.
Dlabola and Ludmila (16), in connection with the evalua­
tion of quality of sugar beets, conducted a study on the 
math-statistical evaluation of the quality of beets. Factors 
considered were roots, sucrose content, leaves and amide 
content of the beet. These factors are similar to those 
considered in the case of sugar cane. The problems encountered 
in the evaluation of the quality of sugar beets were similar 
to those found in sugar cane.
In Queensland, the quality of sugar cane is estimated by
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the C.C.S. formula. Behne (8 ) discusses the principles, under­
lying the development of the C.C.S. formula. The history of 
the formula is outlined and its utility as a means of factory 
control discussed. As an empirical formula, it is susceptible 
to variations. These conditions are discussed in the light of 
present knowledge. He concludes that for factory control the 
C.C.S. formula, as reflected in the coefficient of work, was 
by no means satisfactory. He based his conclusion on the 
comparative results of parallel control figures obtained at 
Mulgraue Mill. Best (9) and Peake (36) concluded in their 
papers that extraneous matter in cane affects the mill effi­
ciency and C.C.S. formula. Waddell (49) developed a new 
machine for obtaining juice samples for cane payment with 
application of C.C.S. formula. In all Queensland mills the 
value of C.C.S. depends upon the accuracy of sampling of the 
juice at the rollers. Any method capable of increasing the 
sampling accuracy is worthy of serious consideration. O'Mara 
(36) carried out a series of tests to determine if the posi­
tion of the trough (used to collect the juice sample from the 
first mill) in relation to the roller made any difference to 
the C.C.S. and found that, with the trough set high up toward 
the horizontal plane through the center line of the roller, 
the sample collected for the analysis gave a higher sucrose 
content of the juice than when the juice sample was collected
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from the trough placed directly under the roller. As a .-result 
of this change, the C.C.S. formula gave 0.15 to 0.4 units 
higher than the usual practice. This showed that the position 
of the trough affects the C.C.S. formula.
Strugnell (46) devised an automatic cane juice sampling 
arrangement, which obtained the juice sample simultaneously 
with the "indicating light", fitted to the cane carrier. He 
further modified his new device with a suitable piping arrange­
ment to collect the cane juice at the side of the mill. All 
of these modifications aided in the advancement of the C.C.S. 
formula, used in Queensland for the payment of cane.
Doolan (21), in connection with the relative percentage 
cane payment system said that for any such scheme no mathema­
tical method could be devised which would be free from any 
argument. In the relative percentage method, the basic 
principle is to establish a relationship between the suppliers1 
weekly C.C.S. average and the corresponding weekly average 
C.C.S. of the mill. But one grower's C.C.S. value differs 
from another'8 . Thus, it is difficult to establish the unit 
value above or below the mill weekly average C.C.S. value.
If this system is analyzed closely, it will be invariably 
found that if an alteration is proposed to remove one apparent 
anomaly another will be simultaneously created in the process. 
Whitson (50) has also discussed the anomaly of the relative
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method of cane payment In his paper.
In Africa, sugar cane payment is made on the basis of
.. t r. f _______ Sucrose % Cane   \ ^
e av a ^ Sucrose % 1st Expressed Juice )* onow z
(1) has discussed the various shortcomings of the Java Ratio 
method, Christianson (12), in connection with the Java Ratio 
system, has discussed the following: the properties of the 
cane associated with the Java Ratio which are first and most 
important, are fiber per cent cane whether this be trash or 
the fiber of the stalk itself; fiber content, when high, leads 
to low Java Ratios, while a low fiber content causes a high 
Java Ratio; unripe cane has a higher Java Ratio than mature 
cane.
Hugot (26) has discussed the payment of cane on an 
extractable sucrose basis. He has developed a new formula:
S.E. = K.Bx ^ TlTO30^ x (1 ‘
where S.E. is the extractable sugar; i.e., commercial
sugar of 97° titre % cane
Bx is the Brix of the crusher juice
Px is the purity of the crusher juice
f is the parts of fiber per part of cane
K is the factory coefficient
The formula giving the extractable sugar is a new one, taking
into account the influence of fiber % cane on extraction.
The new system has several interesting features. The basis
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adopted is not the sucrose % but an extractable sugar; i.e.* 
the commercial sugar that should be obtained from the cane, 
analyzed by a factory with 95% sucrose extraction and 1 0 0 % 
boiling house efficiency, and with a standard or ideal molasses 
purity. Hugot based his formula oh the following considera­
tions. It was assumed that in a factory the Brix, B0> of the 
absolute juice was in a fairly fixed ratio to the Brix, Bx, 
of the first expressed juice and that the purity, PD, of the 
absolute juice was in a different but also more or less fixed 
ratio to the purity, Px, of the first expressed juice. Thus, 
the sucrose % cane, R, could be deduced from the relation:
R = B0  (1 - f) = Kx B —  (1 - f)
°  100 ,100 ' *■
He further compared his new formula with the C.C.S. 
formula which could be written as:
3 ‘ i
C.C.S. = | Sx 1  ^ (f + 0.05) - Bx 1 - (f + 0.03)
(Px - 34.15)
or C.C.S. = 1.425 Bx (1 - 1.5263f) ~f0 0----
The two formulae are similar, but with some differences:
(i) The fiber, f, has a different coefficient, 1.4 in 
the S.E. formula corresponding to an extraction of 
95%, while the C.C.S. formula assumes a 100% ex­
traction or, more exactly, the coefficient, 1.0526, 
corresponding to an extraction of 99.3%.
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(ii) The value, 34.15, corresponds to a molasses purity
of about 33, while the value, 30, assumes one of about 
29%.
(iii) The general coefficient of C.C.S. is 1.425. The 
coefficient of S.E. is kept undetermined.
Arceneaux (2) developed a formula for available sugar 
which could be calculated from the primary juice analysis.
This formula was developed at the U.S.D.A. Station, Houma, 
Louisiana. .He has presented the formula in the simplified 
form:
S' = S x - By
where S' is the pounds of 96° sugar per ton of cane
S is the Pol of primary juice
B is the Brix of the primary juice
and factors x and y are empirical factors determined 
from the results of the small-scale milling 
tests with an extraction of sucrose ranging 
from 92 to 94 per cent.
The basic equations for determining x and y are given as follows:
x = 21.5017 C
y = 6.2383 C
where thejvalue of C (the varietal correction factor), for 
any given variety, integrates the combined effects of varietal 
normal juice extraction and pol reduction factor in relation 
to corresponding values observed in parallel tests of the con­
trol variety. He further compared his universal formula with
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the C.C.S. and S.E. formulae.
It will be noted that each and every method has some 
factor which is directly or indirectly associated with the 
mill operation. But it is also true that the factory operation 
could not be constant for any particular period*
Panje and Gopala Aiyar (37), Lai (32), Waddell (48) and 
Gallardo (22) have suggested various possibilities for cane
V. 4
payment on the basis of quality of the consignment delivered 
to the factory. The system of cane payment according to its 
quality should achieve, as its primary objective, the delivery 
of cleaner, fresher and sweeter cane to the factory.
CHAPTER V
PLAN OF ATTACK
Any method for direct testing of a cane consignment 
involves three different operations:
(a) Withdrawal of a sufficiently large representa­
tive sample of the quality of cane to be tested.
(b) Preparation of a sub-sample sufficiently small
to be analyzed.
(c) Analysis of the sub-sample.
Hypothetically, the larger the sample the more probable
that its composition equals the average composition of the 
consignment of cane sampled. But since a sample weighing 
more than 100-150 lbs. becomes unwieldly, it is necessary 
to set a practical limit to the size of the sample.
As the larger part of the solution to this problem was
dependent upon the development of a reliable and accurate 
method of sampling, the first phase of the work was con­
centrated on a comparative study of sampling techniques.
Arrangements were made for the periodic delivery of 
truck shipments of commercial sugar cane to the Audubon 
Sugar Factory for use in this study. This phase of the 
program was handled by the American Sugar Cane League.
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It was decided that each bundle or package of cane (3000- 
5000 lbs.) should be weighed, placed on the feed table of the 
Audubon Sugar Factory, and sampled. Three distinct sampling 
methods were followed.
(a) Sampling:
Sample I: At the initiation of this project and
during the first grinding season (1957-58), six cane 
stalks were removed at random from each bundle, manually. 
During the second grinding season (1958-59), ten random 
cane stalks were removed from each of the bundles to in­
crease the size of the sample. This technique approxi­
mated current sampling procedures.
Sample II: Approximately 50 lbs. of cane were
removed using the mechanical grab sampling device; This 
sample had to be divided into two approximately equal 
parts for later preparation and analysis.
Sample III: A single bundle was placed on a movable
carriage above a "core" drill so that six 6 " diameter 
"cores" could be removed by shifting the carriage in 
equal increments. Normally, each of the bundles employed 
in this test was sampled separately. Each sample was 
analyzed separately. This preliminary investigation was 
to determine the variation in composition along the length 
of the bundle.
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Each test required one bundle of cane. After all 
the samples detailed above were removed, the remainder 
of the bundle was ground on the tandem in the Audubon 
Sugar Factory. During the grinding operation, samples 
were collected continuously of the following materials:
1. Crusher (first expressed) juice
2. Dilute or mixed juice
3. Residual or last mill juice
4. Bagasse
The weight of cane, maceration water, dilute juice, 
and bagasse were obtained for use in calculating % pol 
and fiber in cane.
(b) Sample Preparation:
Cane samples were processed either by crushing in 
the Farrel Test-Mill or by use of the Waring Blender on 
the chipped material. Samples intended for crushing 
were weighed and loaded into metal feed troughs for ease 
in feeding the Farrel Test-Mill. Samples intended for 
the Waring Blender were passed through the NCG cane 
chipper. The entire mass of the chipped sample waa 
weighed and then placed in a 40 gallon capacity Y-blender 
and thoroughly mixed for 1 0 minutes to ensure a homoge­
neous * mixture. Aliquots drawn from the mixed sample 
were used for analysis.
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Bagasse from the samples crushed on the Farrel 
Test-Mill or the factory tandem was similarly blended 
and sub-sampled.
The "core" sample was processed on the Farrel Test-. 
Mill. The entire sample was collected in an aluminum 
container and weighed. The contents were then placed 
in a metal feed trough and fed through the Farrel Test- 
Mill as before. The bagasse and the juice recovered 
from this sample were collected, weighed, and sub-sampled 
for analysis.
(c) Sample Analysis:
The methods used for the analysis of samples of 
chipped cane, bagasse, and juice are described in the 
experimental procedure.
The second phase of this study was the development of 
a correlation between the easily measurable variables (e.g., 
purity of the extracted juice, Brix of the juice, etc.) and 
the quality of the cane shipment (e.g., pol % and fiber % 
in cane).
The third phase of the study was an economic evaluation 
of the various sampling techniques.
CHAPTER VI 
EXPERIMENTAL PROCEDURE
These studies were conducted at the Audubon Sugar Factory, 
Louisiana State University, during the 1957-58, 1958-59, and 
1959-60 grinding seasons. The facilities employed in conduct­
ing these experiments include a four ton steel guy derrick 
equipped with a Howe Scale for handling and weighing the cane 
bundles and an eleven roll milling tandem built by the 
George L. Squier Manufacturing Company. The milling plant of 
the factory has been described by Keller and Schaffer (28).
There are arrangements to meter the maceration water and 
to weigh the bagasse by conveying to a special box, which is 
mounted on a scale. The factory is equipped with a special 
tank mounted on a platform scale for weighing the juice. The 
factory has laboratories equipped with instruments and 
apparatus required in conducting research work in the field 
of sugar engineering.
Sugar cane presents an extremely difficult sampling prob­
lem because of its large and irregular unit size and the wide 
variation in composition from place to place in the field, 
stalk to stalk in the same load, node to node in the same 
stalk, extraneous matter which accompanies the stalks. Thus,
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the general objective of this study was to determine the relia­
bility of the various sampling and testing procedures in use 
at Louisiana mills and to evaluate additional sampling and 
testing procedures which appear to offer promise of greater 
accuracy and reliability.
Wide variations in the analyses of repetitive samples of 
a given shipment indicate that the cane itself is inherently 
quite variable and that in a population of 2500-3500 stalks, 
which is the usual range for a commercial delivery, almost 
the same number of separate and different individuals are to 
be handled., To determine how much this variability is in­
herent in the cane as it stands in the field, a series of 
studies were carried out in which field areas of a size 
estimated to yield approximately three tons of cane were 
sampled. The area in question was subdivided into one hundred 
individual blocks. Samples were drawn from the numbered blocks 
on the basis of a table of random numbers. Each sample was 
made up of the first ten stalks encountered in the particular 
block to be sampled. These stalks were cut and trimmed in 
the commercially accepted manner, given a sample number, and 
subsequently processed in a sample mill at the Audubon Sugar 
Factory.
The second phase of the study was to measure the variance 
within the commercial bundle as delivered to the factory. The
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facilities employed in conducting these experiments have 
already been described. The commercial bundles.were unloaded 
from the truck by the derrick and placed on the feed table, 
where the bundle was opened and spread. Ten 10-stalk random 
samples were taken from each bundle, processed through the 
Farrel Mill, and analyzed separately for pol, fiber, and 
purity of the extracted juice. The data and the results of 
these experiments are given in Appendix II and Discussion 
of the Results, respectively.
A Comparative Study of Different Sampling Techniques:
In this phase of the experimental work, three different 
sampling techniques were followed during the grinding season 
1957-58. The details of the experiments and the results are 
discussed in an M.S. thesis by the author.
(a) Random Sampling or 6-Stalk Sampling:
The purpose of this sampling technique was to draw 
an unbiased small sample from the shipment. This is the 
normal sample size in Louisiana sugar mills. The 6-stalk 
sample was weighed, processed through the Farrel Mill, 
and separately analyzed for the pol 7®, fiber 7®, and 
purity of the extracted juice.
(b) Quadrant Sample or 8-point Sample:
The approximate diameter of a commercial bundle is 
3-1/2 to 4 feet. In this method, an imaginary circle
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was drawn on the sample bundle and each end was divided 
into four quadrants as shown in Illustration No. 1.
After opening the bundle on the feed table, four stalks 
were drawn at random from each imaginary quadrant. The 
same operation was carried out on the other end of the
• ' ' ■ ' ' fbundle. The probability of not taking representative 
stalks from the central portion of the bundle was very 
high. This method was modified by drawing an additional 
four stalks from the central portion of. either end of 
the bundle, Illustration No. 2. It.was assumed that 
the sample was representative. The total of 40 stalks 
was weighed and then subdivided into two nearly equal 
halves. One part (i) was milled in the Farrel Mill and 
the other part (ii) was chipped. Separate weights of 
each portion were determined for the material balance.
(c) Mechanical Grab Sampling:
The object of this mechanical sampling was to draw 
an unbiased sample avoiding the loss of trash which 
normally occurred during the removal of stalks in the 
manual sampling method. The bundle was opened and 
spread on the feed table, so that the grab could reach 
the core of the bundle. Approximately 110 lbs. of cane 
was drawn from the bundle. The grab sample was sub­
divided into two parts, one of nearly 50 lbs. and the
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other of 60-65 lbs. The latter was again subdivided 
into two nearly equal parts. One was ground on the 
Farrel Mill, and the other was chipped. The former 
50 lbs. sample was analyzed for the trash content of 
the shipment, Illustration No. 3.
Due to mechanical harvesting in Hawaii and 
Louisiana, much trash and dirt are picked up with the 
cane and much of this trash and dirt go to the mill.
Trash and dirt affect the sucrose balance in two ways.
(i) As bagasse per cent cane increases, the pol lost 
in bagasse per cent cane increases; (ii) the soluble 
and insoluble solids content of the mixed juice in­
creases, which results in an increase of press cake 
per cent cane and, thus, the pol lost in press cake 
per cent cane increases. The 50 lbs. sample was 
weighed and the weight recorded. Each stalk was cleaned 
and the cleaned stalks were reweighed. The difference 
between the two weights was recorded as the weight of 
trash removed from the sample.
During the grinding season 1958-59, a number of 
sampling procedures were employed.
(d) Random 10-Stalk Sampling:
This was a modification of the 6 -stalk sampling, 
which was followed during the grinding season 1957-58.
Illus trati.on- 3
in'opera tionand Chipp6r
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Ten stalks were drawn from a commercial bundle of cane. 
The bundles are about 4 feet in diameter by 18-20 feet 
in length. The bundle was opened and spread over the 
feed table. Ten stalks were drawn from the bundle, one 
at a time, and 5 stalks were picked from each end, 
because the commercial bundle consists of 2500-3000 
stalks arranged in such a fashion that two packets of 
stalks are placed longitudinally with a small over­
lapping at the center. Care was taken, during the 
removal of the stalks from the bundle, that no trash 
was lost. The stalks along with the trash were weighed. 
The weights were recorded for a material balance. This 
sample was processed through the Farrel Test,Mill, and 
the recovered bagasse and juice were analyzed following 
the standard methods. This sampling method has been 
designated on the data sheet as S^_5 g.
(e) Mechanical Grab Sampling:
The objective of this sampling technique was to 
draw an unbiased sample avoiding the loss of trash 
which normally occurs during the removal of stalks in 
the manual sampling methods. The bundle was opened 
and spread as before, so that the grab could reach the 
core of the bundle. This sampling was done randomly 
without regard to any specific area or section of the
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bundle. The grab sample was then divided into two 
equal parts, each weighing approximately 30 lbs. One 
part of the sample was ground in the Farrel Test Mill 
and the other part was processed in the cane chipper.
The bagasse and the juice recovered from the 
Farrel Test Mill were analyzed for sucrose, fiber, and 
purity of the extracted juice. The chips obtained were 
subsampled and processed in the Waring Blender. The 
extract and the residue were analyzed for sucrose and 
fiber, respectively. This sampling technique has been 
designated on the data sheet as Sg.^g.
(f) The Composite Mechanical Grap Sampling:
As mentioned, the commercial cane bundle is com­
posed of two groups of cane stalks placed longitudinally 
with a small overlapping at the center. As the previous 
mechanical grab sampling was done without regard to any 
specific area or section, this sampling represented only 
one group; i.e., one end of the bundle. To take into 
account the whole bundle, one mechanical grab sample of 
approximately 30 lbs. was taken from each end of the 
bundle and the two mixed together to give a sample of 
approximately 60 lbs. Theoretically, representative 
stalks from each end of the bundle were included in this 
composite sample. The sample, after proper shuffling,
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was divided into two equal parts each of approximately 
30 lbs. One was processed in the Farrel Test Mill and 
the other was processed in the cane chipper. The re­
covered juice and bagasse and the chips were analyzed 
as before. This sampling technique has been designated 
in the data sheet as Sg.^g.
(g) Multi-Grab Sampling:
In this sampling technique, six mechanical grab 
samples, each weighing approximately 40 lbs., were 
taken from two bundles of commercial deliveries of cane. 
The six samples were processed separately through the 
Farrel Test Mill and the juice and bagasse recovered 
were analyzed for pol %, fiber 7o, and purity % of the 
extracted juice. The arithmetic average of the analyses 
of sucrose, fiber, and purity of the extracted juice of 
these samples were compared with those obtained from 
the cane bundle (i.e., the rest of the bundle) processed 
in the Audubon Mill. The objective of this sampling 
technique was to determine whether the multiple grab 
samples would increase the accuracy of the sampling 
technique and provide a better representation of the 
whole population. This sampling technique has been 
designated in the data sheet as S^^g.
(h) Multi-Small-Hand Sampling:
The objective of this sampling technique was to
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determine whether multiple hand samples would increase 
the accuracy of the sampling technique and provide a 
better representation of the whole population. In this 
method, 6 small hand samples were taken at random from
t
the two bundles. Actually three 10-stalk random samples 
were taken from each of these two bundles. Each sample 
weighed approximately 20 lbs. These samples were 
separately processed through the Farrel Test Mill. The 
extracted juice and bagasse from these samples were 
separately analyzed for sucrose, fiber, and purity of 
the extracted juice. The arithmetic average of these 
analyses was compared with those of the Audubon Sugar 
Factory. This sampling technique has been designated 
in the data sheet as S2 _5 g.
(i) A Comparative 10-Stalk Sample:
The objective of this sampling technique was to 
determine the reliability of the two methods of pro­
cessing the samples; i.e., Farrel Test Mill and 
Chipper. In this sampling technique, 20 stalks obtained 
from two bundles were shuffled and then divided into two 
equal parts, each part containing 10 stalks. One part 
was processed through the Farrel Test Mill as usual and 
has been designated in the data sheet as 8 3 .5 3 . The 
other part was processed through the chipper, and the
50
chips were subsampled and subsequently processed in the 
Waring Blender. This part of the sampling has been 
designated in the data sheet as 8 5 .5 3 .
(j) Core Sample:
One test was made daily from November 7 until 
December 12, 1958. A total of 17 runs were made during 
the 1958-59 grinding season. A test involved (1) draw­
ing 6 cores from a cane shipment, processing the core 
samples and analysis of the same; and (2 ) commercial 
mill test of the same cane shipment and analyses of 
the samples withdrawn during the milling operation, M.
The bundle of the cane to be tested was mounted 
on the carriage as shown in Illustration No. 4. With 
the hand winch, P, the carriage was positioned to 
permit coring of the bundle at the desired point along 
its length. The electric motor, G, was started and the 
coring machine was raised by the cable and pulley 
arrangement to insure coring through the entire depth 
of the bundle. The core sample was collected in the 
bucket shown under the coring cylinder in Illustration 
No. 4A. After the core sample was drawn, the coring 
machine was lowered to its rest position.
By moving the carriage on the track, F, cores were 
removed at six different positions spaced at two foot
51
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intervals along the length of the bundle. Each core 
sample was spread out in length-wise direction in the 
feed tray and was processed through the Farrel Mill.
The bagasse and juice recovered from the mill test was 
analyzed separately as usual.
During the 1958-59 grinding season, it was noted 
that the centrifugal force due to the high rpm of the 
drill was sufficient to retain the cored sample inside 
the tube. It was difficult to withdraw the sample 
during the operation. During the 1959-60 grinding 
season, modifications were made; the speed of the drill 
was reduced from 450 to 2 0 0  rpm and the cutter edge was 
redesigned. These modifications improved cutting and 
withdrawing the cored samples during the drilling 
operation.
At the start of the 1959-60 grinding season, an 
effort was made to locate one or two positions along 
the length of the bundle, where the core sample would 
represent the average composition of the shipment. At 
this time, an attempt was made to maintain the same 
orientation of the bundle on the carriage. Before the 
bundle was placed on the carriage, it was examined to 
locate which end contained the larger number of tops. 
Thus, everyday the bundle was oriented in the same
direction (i.e., the end containing more tops faced the 
head of the carriage) before placing on the carriage 
for coring. It was found by statistical analysis of the 
data that the results obtained from six samples cored 
from six different positions along the length of the 
bundle had no significance in the "F" test. Thus, the 
positions along the length of the bundle could not 
differentiate the estimation of the quality of the 
samples one from the other. Unless all the stalks are 
arranged in the same direction, samples from different 
sections of the bundle would not show any marked dif­
ference in the estimation of pol per cent, fiber per 
cent cane, and per cent purity of the extracted juice.
To be more clear, the tops and bottoms should not be 
intermingled during the loading period which is im­
practicable in a commercial scale. During the latter 
part of the 1959-60 grinding season, core samples were 
removed from two positions near the two chains of the 
bundle. These two positions were selected because the 
samples drawn from these two positions contained 
approximately 80 to 1 2 0  small pieces of cane, whereas 
core samples from any other position contained only 
30 to 75 pieces of cane. This meant more representa­
tives from the individual stalks. This was continued
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for the rest of the grinding season, Illustrations Nos. 5, 
6 , and 7.
(k) Commercial Mill Test of the Rest of the Bundle, M:
After withdrawing all of the required samples from 
the commercial bundle of sugar cane, the remainder was 
ground on the commercial milling tandem of the Audubon 
Sugar Factory under controlled conditions. Keller and 
Schaffer (28) specified these conditions in their work 
"Evaluation Studies on Cane Varieties." At the begin­
ning of each test, the conditions prevailing were as 
follows: cane carrier clean; mills clean and wetted
down; mill tank washed down and empty; pipes empty; 
bagasse conveyor empty.
The cane bundle to be tested was weighed and placed 
on the feed table, all of the samples including the 
trash determination having been previously obtained.
The initial measurements and the readings of the in­
struments were recorded.
After all preliminary readings and adjustments 
had been made, the mill was started and the milling 
operation was carried out. During the milling opera­
tion, samples of (1 ) crusher juice, (2 ) residual juice, 
and (3) bagasse were collected. The mixed juice sample 
was taken after all of this juice had been weighed and
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pumped to the fourth floor storage tank where it was 
thoroughly mixed. The mixed juice sample was taken 
from this tank for analysis.
(1) Sampling of Crusher Juice:
Thirty seconds after the cane entered the 
first mill, sampling of the crusher juice was 
begun. An attendant started collecting juices in 
a clean glass jar, using a metallic cup. This was 
continued until the last cane passed to the first 
mill. This sample was then thoroughly mixed and 
analyzed for Brix, pol, and purity following 
standard procedures.
The residual juice was sampled and analyzed.
(2) Sampling of Bagasse:
Thirty seconds after the first bagasse left 
the last mill, sampling of bagasse was begun. A 
sampler was assigned to collect the bagasse, using 
a small tray. This was continued until the last 
bagasse left the last mill. At the end of the 
run, the sample was spread, mixed well, and a por­
tion of the bulk sample was tumbled in a V-blender 
for ten minutes. After tunbling, a portion, about 
600-800 gm, was taken for analysis. The bagasse 
was analyzed for moisture and sucrose following the 
standard procedures.
(3) Sampling of Mixed Juice:
As mentioned before, all the juices had been 
weighed and pumped to the fourth floor storage tank 
for the processing test. A mixed juice sample was
r
collected from the storage tank and sent to the 
laboratory for the determination of Brix, pol, and 
purity.
As the mill test of the commercial bundle re­
quired about 6 - 8  minutes and the complete analyses 
of the juice were possible within an hour, no 
preservative was used in the juice samples.
From the analyses of the crusher juice, mixed juice, 
residual juice and bagasse and applying the conventional 
formula, the normal juice per cent cane, the fiber per 
cent cane, and the sucrose per cent cane were calculated. 
Preparation of Samples for Analyses:
(1) Milling Test Samples:
All the milling test samples were carefully 
weighed to insure a perfect material balance.
Each sample was handled separately. The stalks 
were placed in the feed trough made of galvanized 
iron and passed twice through the mill, Illustra­
tion No. 3. After passing once through the mill,
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about 60% of the juice was extracted. To be certain 
of nearly complete extraction in the dry condition, 
the first crushed cane was remilled. The extracted 
juice and bagasse were collected in tared cans.
Mill juice and bagasse were weighed, and the weights 
recorded in the data sheet. The juice was well 
stirred and a sample of about 3-4 liters was col­
lected for laboratory analysis.
(2) Chipping of the Test Sample:
A halved portion of each of the quadrant and 
mechanical grab samples was separately chipped, 
Illustration No. 3. The samples were weighed and 
the weights recorded, as before.Generally three or 
four stalks at a time were fed to the chipper with 
uniform pressure. The variation of pressure was 
responsible for the irregular sizes of the chips 
which affected the fiber and sucrose determinations 
of the cane. These results were statistically ve 
verified.
The chips were collected in a clean, tared 
bucket and weighed. To provide a homogeneous 
mixture, the chips were mixed in a V-blender for 
ten minutes. After ten minutes, the blender was 
stopped in a horizontal position. The lid was
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. opened and a sample of 2-3 lbs. of chips was drawn 
from the mouth. This sample was analyzed follow­
ing the Waring Blender method.
(3) Sampling of the Bagasse:
The weighed bagasse was placed in a Y-shaped 
blender and tumbled for ten minutes. It was ex­
perimentally found that ten minutes blending gave 
a fairly homogeneous mixture. The analyses of the 
samples drawn from this mixture were consistent. 
This sample was analyzed for moisture 7» and pol %, 
following the usual procedures.
(m) Laboratory Procedure for the Analyses of the Samples: 
The methods used in the analytical procedures are 
outlined in Cane Sugar Hand Book, 8 th Edition, by 
Spencer and Meade, and Louisiana State University, 
Engineering Experiment Station Bulletin No. 50. The 
Waring Blender procedure is outlined in Sampling of 
Commercial Deliveries of Sugar Cane, a thesis by the 
author.
CHAPTER VII 
DISCUSSION OF THE RESULTS
To determine the reliability of different sampling tech-
A "
niques for obtaining a representative sample from a commercial 
delivery of sugar cane, the results of the analyses of the 
samples were compared with the results obtained by grinding 
the entire shipment of cane on the commercial tandem of the 
Audubon Sugar Factory. It was assumed that the results ob­
tained by grinding the entire bundle of cane on the Audubon 
tandem are correct and represent the true pol per cent cane, 
fiber per cent cane, per cent juice purity and the per cent 
extraction of juice from the cane.
The difference between the results of the mill test and 
the individual samples drawn from each shipment was deter­
mined for each run. Statistical techniques were employed for 
analyzing the differences thus obtained. The objective of the 
statistical analysis was to determine the reliability of the 
estimated mean. By the method of paired-data analysis, the 
standard deviation and the mean standard error of the estimated 
mean were calculated as shown in Appendix III, Sample Calcula­
tions. In the statistical evaluation of the data, it is 
realized that a point must be established from which to measure 
the variability of various sampling methods. This point was
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taken as the average of the deviations from the Audubon Mill 
analyses (Y = 2(X-M)/N), where Y is the average deviation, X 
the sample result, M the Audubon Mill result and N the total 
number of runs.
After establishing the mean differences or deviations, 
there still remains the problem of determining how the in­
dividual items are distributed about this central value.
This has been solved by calculating the standard deviation 
of the estimated mean. The range of the variability has been 
calculated at the 95% level and has been graphically presented.
Tables I to III show the comparative performance of three 
different sampling techniques and two different processing 
methods; e.g., the Farrel Mill and the Waring Blender. Devia­
tions for pol per cent cane, fiber per cent cane and per cent 
juice purity, at the 95% confidence level, are shown in 
Figures 1, 2 and 3, respectively.
In the case of pol per cent cane, an average difference 
between the mill test and the mechanical grab sample, processed 
in the Farrel Test Mill, was +0.40, which was the least among 
those in Table I. The limits of the deviations expected at 
the 95% level were +0.1 to +0.6 for the mechanical grab sample. 
This was the least among the others. Figure 1 shows that the 
mechanical grab sample processed on the Farrel Mill will give 
a more accurate estimation of pol per cent cane than the two
TABLE I
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis Season 1957-58
1 Fa r r e l m i l l w a r i n g bl e nder
Audubon
Mill
M
Mechanical Quadrant 
Grab 32-Stalk 
Si-st Ss-sr
Random
6 -Stalk
S-n-ST
Mechanical
Grab
S*-«5T
Quadrant
32-stalk
S r -s t
Number of Tests
Total
Average
Standard Deviation
28
291.47
10.41
0.89
28
302.68
10.81
0.98
28
315.44
11.27
0 . 8 6
28
319.67
11.42
1.45
28
312.95
11.18
1.14
28
313.73
1 1 . 2 0
0.90
Deviation from Mill M-Sx m-s2 m-s3 M-S* m-s5
deviation from mill 
deviation from mill
-5.11
+16.32
-3.33
+27.30
-4.62
+32.82
-3.77
+25.24
-2.82
+25.08
Total Regarding Sign 
Average Regarding Sign 
Total Disregarding Sign
1 1 . 2 1
0.40
21.43
23.97
0 . 8 6
30.63
28.20
1 . 0 1
37.44
21.47
0.77
28.81
22.26
0.80
27.90
Sum of Deviations Squared 24.06 46.64 78.73 44.42 39.06
Standard Deviation 0.53 0.70 1.03 0.74 0.65
Standard Error 0 . 1 0 0 0.132 0.194 0.139 0.123
TABLE II
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis Season 1957-58
Audubon
Mill
M
FARREL MILL WARING BLENDER
Mechanical
Grab
Sl-5T
Quadrant
32-Stalk
S2 _ 5 7
Random
6 -Stalk
Sa-RT
Mechanical
Grab
S4 - 5 7
Quadrant
32-Stalk
Sb-bt
Number of Tests 28 28 28 28 28 28
Total 372.09 355.40 371.17 410.58 384.73 362.29
Average 13.29 12.69 13.26 14.66 13.74 12.94
Standard Deviation 0.77 1.26 1.19 2.62 1.31 1.30
Deviation from Mill M-Si m-s2 m-s3 m-s4 m-s5
deviation from mill -13.34 . -6.29 -18.37 -24.09 -19.37
deviation from mill 12.42 19.43 56.78 7.40 9.57
Total Regarding Signs -0.92 12.64 38.39 -16.69 -9.80
Average Regarding Signs -0.03 0.45 1.37 -0.60 0.35
Total Disregarding Signs 25.76 26.22 75.13 31.49 28.94
Sum of Deviations Squared 46.88 39.89 255.53 66.39 61.96
Standard Deviation 0.73 0.75 1.41 1.07 1.09
Standard Error 0.141 0.175 0.266 0 . 2 0 2 0.206
TABLE III
PER CENT PURITY OF JUICE. IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis Season 1957-58
FARREL MILL WARING BLENDER
Audubon
Mill
M
Mechanical
Grab
Sl-ST
Quadrant
32-Stalk
Sa-57
Random
6 -Stalk
Ss-st
Mechanical
Grab
S^-st
Quadrant
32-Stalk
S —57
Number of Tests 28 
Total 2,148.20 
Average 76.72 
Standard Deviation 2.72
28
2,258.79
80.67
3.74
28
2,259.52
80.70
2.65
28
2,258.40
80.66
3.58
28
2,192.77
78.31
4.93
28
2,237.92
79.93
4.41
Deviation from Mill M-Si M-S2 M-S3 M-S* M-S5
deviation from mill 
deviation from mill
-38.70
83.27
-1 . 2 2
112.54
-8.26
118.46
-4.24
114.83
-20.45
110.17
Total Regarding Signs 
Average Regarding Signs 
Total Disregarding Signs
44.57
1.59
121.97
111.32
3.98
113.76
1 1 0 . 2 0
3.94
126.72
110.57
3.95
119.07
89.72
3.20
130.62
Sum of Deviations Squared 789.43 689.35 815.75 820.61 1,010.52
Standard Deviation 3.09 2.90 3.00 3.41 3.85
Standard Error 0.583 0.547 0.566 0.643 0.726
CO 
CO 
CO 
CO
LEGEND
Sl-57
2-57
3-57
4-57
5-57
-2 .
Mechanical Grab Sample(F.M.) 
Quadrant 32 Stalk Sample(F. 
Random Six Stalk Sample(F.M. 
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Quadrant 32 Stalk (W.B.)
M.)
)
Mean i Deviation
*5-57
Mean Deviation
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Deviation
S3-57
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other methods. Figure 1 also shows that the mechanical grab 
sample is more precise than the others. The wider the band, 
the less the precision of the method, and the farther the 
mean value from the zero line, the less the reproducibility 
of the method. In Figure 1, the position of the mean value 
indicates that the pol per cent cane obtained from the 
mechanical grab sample gave a consistently higher value than 
the Audubon Mill results.
When the calculated fiber per cent cane for each sampling 
procedure was compared with the factory results, it was found 
that the mechanical grab sample processed on.the Farrel Mill 
gave the least standard error (or standard deviation of the 
estimated mean),.whereas the random 6 -stalk sample processed 
on the Farrel Mill gave the highest standard deviation of the 
estimated mean. This is obvious in Table II, which shows the 
values to be 0.141 and 0.266 for mechanical grab and small 
hand samples, respectively. Figure 2 shows that the mean 
deviation for the mechanical grab sample is -0.03 and very 
close to the zero line. This indicates that the mechanical 
grab sample has greater probability of estimating the mean 
value of the fiber per cent cane, whereas the quadrant 32-stalk 
sample processed on the Farrel Mill gave a more precise esti­
mation of fiber per cent cane. The position of the mean 
deviation on the negative side of the zero line indicates
LEGEND: 
Sl-57 = 
s2-57 =
s3-57 = 
S4 -57
S5-57 =
Mechanical Grab Sample(F.M.) 
Quadrant 32 Stalk Sample(F.M.
Mean |Devia
Random Six Stalk 
Sample (F.M.)
= Mechanical Grab 
Sample (W.B.)
Quadrant 32 Stalk (W.B.)
i:ion
Mean Deviation
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Mean| Deviation
S3-57
Mean Deviation 
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Mean Deviation
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that the mechanical grab sample processed on the Chipper and 
analyzed by following the Waring Blender method gave a con­
sistently higher value of the estimated fiber per cent cane 
than the mean value obtained from the Audubon Mill.
The calculated purity of the extracted juice for each 
sampling procedure was compared with the factory results in 
Table III. From Figure 3, it is obvious that the mechanical 
grab sample gave comparatively better results than those ob­
tained by other methods. The results in Tables I to III, and 
their graphical representation in Figures 1 to 3, show that 
none of the sampling methods gave consistently better or worse 
results. But it is obvious that the quadrant 32-stalk sample 
is very biased, and for all practical purposes it should be 
eliminated.
The results of the 1957-58 grinding season led to the 
study of the field sampling. The objective of the study of 
field sampling was to investigate the nature of variance; . 
i.e., whether the variance is an inherent quality or whether 
it is a question of probability distribution.
Tables IV to IX present the results of the study of field 
sampling. It was found by the method of analysis of variance 
and the "F" test, that the variability is inherent in the cane 
as it stands in the field. Details of the discussion may be 
obtained from Variance of Cane Quality, a thesis by S. I. Wang.
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TABLE IV
ANALYSIS OF VARIANCE FQR POL IN CANE 
100 FIELD SAMPLES 
1958-59 Season
Source
of
Sum of 
Squared
Degrees
of Variance
Variance
Ratio
Theoretical 
Value F
Variance Deviations Freedom F 957. 997.
Within
Fields 28.70 90 0.319 0.239 1.42 1.73
Between
Fields 102.99 9 11.443 8.603 1.99 2.60
Totals 131.69 99 1.330
TABLE V
ANALYSIS OF VARIANCE FOR FIBER IN CANE 
100 FIELD SAMPLES 
1958-59 Season
Source
of
Variance
Sum of 
Squared 
Deviations
Degrees
of
Freedom
Variance
Variance
Ratio
F
Theoretical 
Value F 
957. 997.
Within
Fields
Between
79.44 90 0.883 0.797 1.42 1.75
Fields 32.35 9 3.594 3.041 1.99 2.60
Totals 117.79 99 1.182 •
TABLE VI
ANALYSIS OF VARIANCE FOR PURITY OF EXTRACTED JUICE
100 FIELD SAMPLES 
1958-59 Season
Source Sum of Degrees Variance Theoretical
of Squared of Variance Ratio Value F
Variance Deviations Freedom F 957. 997.
Within
Fields 292.27 90 3.247 0.290 1.42 1.75
Between
Fields
816.82 9 90.758 8 . 1 0 1 1.99 2.60
Totals 1,109.09 99 11.203
TABLE VII
RESULTS OF FIELD SAMPLING STUDIES ON PLOTS
POL % CANE 
STATISTICAL ANALYSIS
Plot
No.
Number
of
Samples
Average Range
Sample
Variance
V
Standard
Deviation
S
Expected Dev. 
of 95% 
Confidence Level
Expected Limits 
at 95% 
Confidence Level
1 1 0 10.62 9.66— 11.55 0.492 0.702 1.404 9.22— 12.04
2 1 0 14.32 13.79— 14.95 0.113 0.336 0.672 13.76— 15.10
3 1 0 14.00 13.53— 14.60 0 . 1 2 2 0.349 0.698 13.30— 14.70
4 1 0 13.80 12.60— 14.55 0.450 0.671 1.342 12.46^-15.14
5 1 0 12.13 10.94— 13.17 0.413 0.643 1.286 10.84— 13.42
6 1 0 12.61 11.33— 13.35 0.306 0.554 1.108 11.50— 13.72
7 1 0 12.92 11.86— 13.50 0.348 0.590 1.180 11.74— 14.10
8 1 0 1 2 . 6 8 11.68— 13.76 0.399 0.631 1.262 11.42— 13.94
9 1 0 12.95 12.08— 13.90 0.286 0.535 1.070 11.88— 14.02
1 0 1 0 12.80 11.55— 13.43 0.258 0.508 1.016 11.64— 13.96
All 100 11.99 9.44— 14.50 1.227 1.108 2.219 9.68— 14.12
TABLE VIII
RESULTS OF FIELD SAMPLING STUDIES ON PLOTS
FIBER % CANE 
STATISTICAL ANALYSIS
Plot
No.
Number
of Average 
Samples
Range
Sample
Variance
V
Standard
Deviation
S
Expected Dev. 
of 95% 
Confidence Level
Expected Limits 
at 95% 
Confidence Level
1 1 0 13.43 9.82— 14.50 2 . 0 0 2 1.421 2.842 10.59— 16.27
2 1 0 1 2 . 2 0 10.63— 13.99 0.931 0.965 1.930 10 ."27— 14.13
3 1 0 11.97 10.83— 13.91 0.982 0.991 1.982 9.99— 13.95
4 1 0 1 2 . 2 2 11.26— 13.32 0.427 0.607 1.374 10.85— 13.59
5 1 0 11.07 9.59— 12.48 0.780 0.883 1.766 9.30— 12.84
6 1 0 12.07 9.85— 13.90 1.386 1.176 2.356 9.71— 14.43
7 1 0 11.51 10.69— 12.22 0.338 0.581 1.162 10.35— 12.67
8 1 0 11.13 9.44— 12.16 0.896 0.947 1.894 9.24— 13.02
9 1 0 11.31 10.89— 12.39 0.378 0.615 1.230
•
10.08— 12.54
1 0 in 1 2 . 1 2 11.34— 13.27 0.510 0.714 0.428 10.69— 13.55
All 100 11.99 9.44— 14.50 1.227 1.108 2.219 9.68— 14.12
I TABLE IX
RESULTS OF FIELD SAMPLING STUDIES ON PLOTS 
% PURITY OF NORMAL JUICE 
STATISTICAL ANALYSIS
Plot
No.
Number
of
Samples
Average Range
Sample
Variance
V
Standard
Deviation
S
Expected Dev. 
of 95% 
Confidence Level
Expected Limits 
at 957. 
Confidence Level
1 1 0 77.37 72.43— 81.20 6.248 2.450 4.900 72.47— 83.27
2 1 0 87.87 85.23— 88.46 0.903 0.951 1.902 85.97— 89.77
3 1 0 87.35 85.41— 89.06 0.890 0.943 1 . 8 8 6 85.46— 89.24
4 1 0 87.14 85.39— 88.27 1.920 1.388 2.766 84.36— 89.92
5 1 0 82.61 77.42— 84.97 5.938 2.437 4.874 77.74— 87.48
6 1 0 84.15 81.40— 85.73 1.690 1.300 2.600 81.55— 86.75
7 1 0 85.30 81.60— 88.22 5.276 2.297 4.954 80.71— 89.89
8 1 0 84.65 82.60— 87.38 2.366 1.539 3.078 81.57— 87.73
9 1 0 84.70 81.47— 87.96 3.708 1.925 3.850 80.85— 88.55
1 0 1 0 84.35 79.49— 86.68 3.530 1.879 3.758 80.56— 88.11
All 1 0 0 84.55 73.74— 89.06 1 1 . 2 0 2 3.348 6.696 77.85— 91.25
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Dekker. (19) carried out an exhaustive study on field sam­
pling to determine the homogeneity of cane fields. In his 
study he selected four fields of small area, took three parallel 
samples from each field and analyzed each sample in duplicate. 
The statistical analyses of the data showed that the errors 
due to analysis were negligible in comparison with the non­
homogeneity of the samples.
An analogous conclusion was drawn from the present study 
of field sampling. The variability of the field, which would 
produce approximately the same number of cane stalks as are 
required for a commercial bundle, is much greater than any 
factor could take into account.
During the 1958-59 grinding season, a number of sampling 
procedures were employed. The mechanical grab sample processed 
on the Farrel Mill was further modified during this season. 
Instead of one single mechanical grab sample two grab samples 
were taken from the two ends of the commercial bundle. A 
commercial bundle consists of 2,500 to 3,000 stalks arranged 
in such a fashion that two packets of stalks are placed 
longitudinally with a small amount of overlapping at the 
center. In order to take representative samples from both 
packets of stalks it was decided to take two grab samples 
instead of one. One mechanical grab can represent the popula­
tion in one packet.
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Tables X, XI and XII present the results of the compara­
tive study of sampling techniques. These results are also 
graphically presented in Figures 4, 5 and 6 , respectively. 
Figure 4 shows that Sa-sa (single mechanical grab) and Sa-sa 
(composite mechanical grab) have almost the same spread.
From Table X, it is obvious that the composite mechanical 
grab sample processed on the Farrel Mill gave the least 
standard error of the mean deviation (i.e., 0.074), whereas 
the single mechanical grab gave 0.085. Table X further shows . 
that the single mechanical grab and the composite mechanical 
grab sample, processed on the Chipper and analyzed by following 
the Waring Blender method, gave the value of the mean devia­
tion as +0.17 and +0.12, respectively, whereas the same two 
samples processed on the Farrel Mill gave -0.24 and -0.30, 
respectively. This clearly indicates that there is a basic 
difference between these two processing methods in estimating 
the pol per cent cane. This is further ratified in Table XII 
where the per cent purity of the extracted juice, for different 
sampling procedures, was compared with the mill results. In 
Table XII, Sio-sa and S n - 5 8 gave, a positive mean deviation, 
while Sa-sa and S9 - 5 8  gave a negative mean deviation. Positive 
deviation means that the estimation is biased in the negative 
direction; i.e., the estimated value is lower than the actual 
value. Whereas the negative deviation means that the estimated
TABLE X
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
FARREL MILL WARING BLENDER
Small
Hand
vSingle 
Mechanical
Composite
Mechanical
Single
Mechanical
Composite
Mechanical
Sample
ST-5B
Grab Sample Grab Sample 
_ _ S8 -5.a _ _ S9 - 5 8
Grab Sample 
8 1 0 .5 a _
Grab Sample
8ll—58
Number of runs 28 28 28 28 28
Total, sample ‘ 343.78 334.10 331.46 317.46 319.74
Total, mill 323.14 323.14 323.14 323.14 323.14
Average, sample 12.28 11.93 11.84 11.34 11.42
Average, mill 11.54 11.54 11.54 11.54 11.54
Standard deviation, sample 1.29 1.34 1.32 1.47 1.32
Standard deviation, mill 1.33 1.33 1.33 1.33 1.33
M-ST M-Sa M-Sa - M-S1 0 M-Sxx
Deviations from- mill, plus +5.25 +5.93 +4.96 +13.02 +10.95
Deviations from mill, minus -25.89 -12.71 -13.28 - 8 . 2 2 - 7.55
Total regarding signs -20.64 - 6.78 - 8.32 + 4.80 + 3.40
Average regarding signs - 0.74 - 0.24 - 0.30 + 0.17 +  0 . 1 2
Total disregarding signs 31.14 18.64 18.24 21.24 18.50
Sum of deviations squared 45.74 17.79 15.98 25.68 20.50
Standard deviation 0.64 0.45 0.39 0.60 0.55
Standard error 0 . 1 2 1 0.085 0.074 0.114 0.104
TABLE XI
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
FARREL MILL WARING BLENDER
Small
Hand
Single
Mechanical
Composite
Mechanical
Single
Mechanical
Composite
Mechanical
Sample 
St -58
Grab Sample Grab Sample 
Ss-58 Ss-ss
Grab Sample
S10—58
Grab Sample
S11—50
Number of runs 28 28 28 28 28
Total, sample 352.97 355.03 365.87 348.47 354.12
Total, mill 399.88 399.88 399.88 399.88 399.88
Average, sample 12.61 1 2 . 6 8 13.08 12.45 12.65
Average, mill 14.28 14.28 14.28 14.28 14.28
Standard deviation, sample 1.57 1.80 1.90 1.58 1.43
Standard deviation, mill 1.62 1.62 1.62 1.62 1.62
M-St M-Ss . M-Ss M-Sxo M-SX 1
Deviations from mill, plus +48.08 +45.21 +35.52 +52.31 +47.86
Deviations from mill, minus - 1.17 - 0.36 - 1.51 - 0.90 - 2 . 1 0
Total regarding signs +46.91 +44.85 +34.01 +51.41 +45.76
Average regarding signs + 1 . 6 8 + 1.60 + 1 . 2 1 + 1.84 + 1.63
Total disregarding signs 49.26 45.57 37.03 53.21 49.96
Sum;of :deviations squared 109.40 97.04 68.40 130.43 105.40
Standard deviation 0.92 0.92 0.85 1.04 0.78
Standard error 0.174 0.174 0.161 0.197 0.148
TABLE XII
PER CENT PURITY OF JUICE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
FARREL MILL WARING BLENDER
Small
Hand
Single
Mechanical
Composite
Mechanical
Single
Mechanical
Composite
Mechanical
Sample
St -SB
Grab Sample Grab Sample 
_ Se-58 Ss-58
Grab Sample
Slo-58
Grab Sample
... Sn-38
Number of runs 28 28 28 28 28
Total, sample 2,310.76 2,303.22 2,302.90 2,197.43 2,219.00
Total, mill 2,220.76 2,220.76 2,220.76 2,220.76 2,220.76
Average, sample 82.54 82.26 82.24 78.48 79.25
Average, mill 79.31 79.31 79.31 79.31 79.31
Standard deviation, sample * 4.28 4.62 4.75 5.44 5.43
Standard deviation, mill 4.10 4.10 4.10 4.10 4.10
M-St M-Sa M-Sa H-Sxo M-Sxi
Deviations from mill, plus + 5.27 + 1.70 + 2.73 +59.10 +47.57
Deviations from mill, minus -95.49 -84.16 -84.87 -35.77 -45.81
Total regarding signs -90.22 -82.46 -82.14 +23.33 +  1.76
Average regarding signs - 3 . 2 2 - 2.94 - 2.93 + 0.83 + 0.06
Total disregarding signs 100.76 85.86 87.60 94.87 93.38
Sums of deviations squared 443.14 427.62 408.48 649.83 532.98
Standard deviation 1.73 2.47 2.23 3.49 2 . 8 6
Standard error 0.328 0.468 0.422 0.661 0.542
LEGEND:
s7-58
58-5S
59-58
s10-58
sll-58
__l
- 2
Small Hand Sample(F.M.) Mean Deviation 
Single Mechanical Grab(F.M.)
Composite Mechanical Grab 
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Single Mechanical Grab 
(Waring Blender) Mein i Deviation
Composite Mechanical Grab 
(Waring Blender)
Mean Dev .ation
Mean Dev
Mean Deviation
*7-58
s10-58
s9-58
iation
s8-58
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THE STANDARD DEVIATION OF THE ESTIMATED MEAN OF PER CENT POL
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FIGURE 4
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M.)
B.)
JL
Mean ,Deviation 
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Mean| Deviation 
S.’10-58
Mean iDeviation 
s9-58
Mean Pe via t ion 
S8-58
Mean | Deviation
S7-58
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Deviation
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value Is biased In the negative direction; i.e.,.the estima­
tion is higher than the actual value.
Table XI* where the per cent fiber in cane for different 
sampling methods is compared with that of the mill, shows a 
positive mean deviation in all cases. This indicates that 
the estimation of fiber per cent cane by all the different 
Sampling methods is biased in the positive direction; i.e., 
the estimated value is lower than the actual value. To state 
it more clearly, the fiber per cent cane is always underesti­
mated by all of the sampling methods. But the value of the 
standard error as it appears in Table. XI shows that the com­
posite mechanical grab sample gave the least standard deviation 
of the estimated mean, while S 1 0 - 5 8  (single mechanical grab 
processed on Chipper and analyzed by Waring Blender method) 
gave the highest standard deviation of the estimated mean.
From Figure 5, it is obvious that S9 . 5 8  (composite mechanical 
grab processed on Farrel Mill) gave a better estimation of 
the fiber per cent cane. Further, it shows that Su -5 b (com­
posite mechanical grab sample processed on the Chipper and 
analyzed by following the Waring Blender method) consistently 
gave a lower estimation of fiber per cent cane.
When the calculated purity of the extracted juice for 
each sampling procedure was compared with factory results it 
was found that SU .S8 gave the least mean deviation, +0.06,
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while S7 - 58 (small hand sample processed on Farrel Mill) gave 
the least standard deviation of the estimated mean. This in­
dicates that the estimation of per cent purity of the extracted 
juice, by the method of small hand sample, is more precise than 
that of the S n _ s 8 , while the reproducibility of the results 
are more in the case of S n - s 8  than that of S7 .se*
This comparative study of different sampling techniques 
revealed that none of the methods were accurate enough to 
measure the true mean value of pol per cent, fiber per cent 
cane and the per cent purity of the extracted juice. This 
led to the study of the multi-mechanical-grab sample and the 
multi-small-hand sample. It was decided to investigate whether 
the magnitude of the sample has any effect on the reproduci­
bility and precision of the methods.
Tables XIII to XV present the results of the comparative 
study of multi-mechanical-grab samples, small-hand' sample pro­
cessed on the Farrel Mill and the Chipper-Waring Blender 
procedure. Tables XVI to XVIII present the results of the 
comparative studies of the multi-small-hand samples and 
single-small-hand sample processed on the Farrel Mill and the 
Chipper-Waring Blender procedure.
Table XIII shows that the mean deviation for Si. 5 8  (average 
of six mechanical grab samples processed on the Farrel Mill) is 
+0 .1 2 , whereas that of S3 B - 5 8  (small-hand sample processed on
TABLE XIII
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING 
Statistical Analysis 1958-59 Season
Farrel Mill
Average df:J3ix 
Mechanical Grab Samples
_________ sl-.58___________
Small Hand 
Sample
 S3tt-se
Waring Blender
Small Hand 
Chipped
s-5r.gft
Number of runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample 
Standard deviation, mill
Deviations from mill, plus 
Deviations from mill, minus
Total regarding signs
Average regarding signs
Total disregarding signs
Sum of deviations squared
Standard deviation
Standard error
10
117.08
118.23
11.71
11.82
1.18
1.86
M-Sx
+ 6.34
- 5.19
+ 1.15 
+ 0.12 
11.53
26.45
- 1.21 
0.383
1 0
119.53
118.23
11.95
11.82
1.13
1.86
M-S^
+ 5.00
- 6.30
- 1.30
- 0.13 
11.30 
23.13
1.07
0.338
1 0
119.28
118.23
11.93
11.82
1.54
1.86
M-Ss
+ 5.34
- 6.39
- 1.50
-  0.10 
11.73 
22.29
0.97
0.307
COON
TABLE XIV
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
FarrellMill Waring Blender
Average of Six 
Mechanical Grab Samples 
Sl-58
Small Hand 
Sample 
S3 R- 5 8
Small Hand 
Chipped 
Ss-58
Number of runs 1 0 1 0 1 0
Total, sample 147.23 150.31 152.82
Total, mill 143.23 143.23 143.23
Average, sample 14.73 15.03 15.28
Average, mill 14.32 14.32 14.32
Standard deviation, sample 0.82 2 . 0 1 3.13
Standard deviation, mill 0.59 0.59 0.59
M-Sx m -s3B m-s5
Deviations from mill, plus + 1 . 2 2 + 2.93 + 8 . 2 2
Deviations from mill, minus - 4.86 -1 0 . 0 1 -17.81
Total regarding signs - 3.64 - 7.08 - 9.59
Average regarding signs - 0.36 - 0.71 - 0.96
Total disregarding signs 6.08 12.94 26.03
Sum of deviations squared 6.25 48.90 97.40
Standard deviation 0.53 0.60 1.81
Standard Error 0.168 0.189 0.573
oo
—i
TABLE XV
PER CENT PURITY OF JUICE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
Farrel Mill Waring Blender
Average of six 
Mechanical Grab Samples 
Si-sa
Small Hand 
Sample
SsR-58
Small Hand 
Chipped 
S5-se
Number of runs 1 0 1 0 1 0
Total, sample 806.97 815.27 752.25
Total, mill 776.00 776.00 776.00
Average, sample 80.70 81.53 75.22
Average, mill 77.60 77.60 77.60
Standard deviation, sample 3.41 2 . 2 0 5.32
Standard deviation, mill 4.07 4.07 4.07
M-Sx M-S^ M-Ss
Deviations from mill, plus — +25.66
Deviations from mill, minus -30.97 -39.27 - 1 . 0 1
Total regarding signs -30.97 -39.27 +23.75
I
Average regarding signs 1 - 3.10 - 3.93 + 2.38
Total disregarding signs 30.97 39.27 27.57
Sinn of deviations squared 142.01 204.04 104.61
Standard deviation 2.26 2.35 1.78
Standard Error 0.715 0.744 0.563
TABLE XVI
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis - 1958-59 Season
Farrel Mill
Average of Six 
Small Hand Samples
_________Sj_.
Small Hand 
Sample
 3aB.—SB___
Waring Blender"
Small Hand 
Chipped 
Ssw-sa
Number of runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample 
Standard deviation, mill
Deviations from mill, plus 
Deviations from mill, minus
Total regarding signs 
Average regarding signs 
Total disregarding signs 
Sum of deviations squared 
Standard deviation 
Standard Error
7
86.26
81.00
12.32
11.57
1.18
0.97
M-S2
- 5.26
- 5.26
- 0.75 
5.25 
5.01 
0.42 
0.159
7
82.66
81.00
11.81
11.57
1.75
0.97
M-S4B
+ 2.63
- 4.29
-  1.66 
- 0.23
6.92
15.22
1.18
0.446
7
81.36
81.00
11.62
11.57
0.88
0.97
M-S6B
+ 0.95
- 1.31
- 0.36
- 0.05 
2.26 
1.10 
0.25 
0.095
TABLE XVII
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
Farrel Mill Waring Blender
Average of Six 
Small Hand Samples
Sa-58
Mechanical 
Grab*Sample
S4 R- 5 8
Mechanical Grab 
Sample Chipped
S6R-58
Number of runs 7 7 7
Total, sample 101.49 107.27 97.83
Total, mill 103.50 103.50 103,50
Average, sample 14.50 15.32 13.98
Average, mill 14.79 14.79 14.79
Standard deviation, sample 0.91 2 . 1 0 0.90
Standard deviation, mill 1.07 1.07 1.07
m-s2 m -s 4B m -s6B
Deviations from mill, plus + 2 . 0 1 + 1.52 + 5.67
Deviations from mill, minus — - 5.29 mm mm
Total regarding signs + 2 . 0 1 - 3.77 + 5.67
Average regarding signs + 0.29 - 0.54 + 0.81
Total disregarding signs 2 . 0 1 6.81 5.67
Sum of deviations squared 1.18 13.84
*
5.32
Standard deviation 0.32 1 . 1 0 0.35
S tandard Error 0 . 1 2 1 0.416 0.132 .
TABLE XVIII
PER CENT PURITY OF JUICE BY METHOD OF SAMPLING AND PROCESSING
Statistical Analysis 1958-59 Season
Farrel Mill
Average of Six 
Small Hand Samples
__________ SR-ja______
Mechanical 
Grab Sample 
 Sar-bb
Waring Blender
Mechanical Grab 
Sample Chipped 
_____ Scb-bb
Number of runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample 
Standard deviation, mill
Deviations from mill, plus 
Deviations from mill, minus
Total regarding signs 
Average regarding signs 
Total disregarding signs 
Sum of deviations squared 
Standard deviation 
Standard error
7
563.61
549.64
80.52
78.52
3.93
3.13
M-S2
-13.97 
-13.97 
-  2.00 
13.97 
35.43 
1.12 
0.424
7
564.86
549.64
80.69
78.52
3.48
3.13
M-S4B
-15.22 
-15.22 
- 2.17 
15.22 
36.92 
0.80 
0.302
7
518.88
549.64
74.13
78,52
3.86
3.13
M-S6B
+37.29
-6.53
+30.76 
+ 4.39 
43.82 
309.66 
2.43 
0.919
92
the Farrfel Mill) is -0.12, This indicates that the former is 
-0.12. This indicates that the former is biased in the posi­
tive direction and the latter in the negative direction. It 
is obvious in Figure 7, where the standard deviation of the 
estimated mean of per cent pol is graphically represented, 
that as far as the estimation of pol per cent cane is concerned, 
the increase in number of the samples did not improve the pre­
cision and reliability of the method.
But, from Table XIV, it is noted that, for the average 
of six mechanical grab samples, the standard error is least; 
i.e., 0.168. It is obvious from Figure 8 that by increasing 
the number of mechanical grab samples the estimation of fiber 
per cent cane is more precise than that of the small hand 
sample.
In Table XV and Figure 9, it is further ratified that 
samples processed on the Chipper and analyzed by following 
the Waring Blender method gave a consistently lower estimation 
of purity of the extracted juice, while samples processed on 
the Farrel Mill gave a consistently higher estimation of per 
cent purity of the extracted juice.
Analyzing the tabulated results in Tables XVI to XVIII 
and the graphical representation of the same in Figures 10 
to 1 2 , it is found that by increasing the number of samples 
(from the same consignment) the results of the estimated
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means are not markedly improved. Further, for practical 
reasons, the use of, an average of six hand samples (or an 
average of any other sampling procedure, for that matter) 
cannot be recommended as a procedure in sampling commercial 
deliveries.
At this stage it was decided to investigate the cause of 
the real differences and the obvious discrepancies of the 
different methods of processing the samples. As mentioned, 
both the quadrant and the mechanical grab samples were divided 
into two nearly equal halves. One-half of each sample was 
processed through the Farrel Mill, and the remaining half was 
chipped and analyzed by following the Waring Blender method. 
The purpose was to compare the results obtained by the two 
processes. Hypothetically these two processes should give 
the same results with the assumption that homogeneous solid 
samples are processed in both cases.
An experiment was conducted to prove the hypothesis.
The materials and the methods of this experiment are discussed 
in Sampling of Commercial Deliveries of Sugar Cane--A Compara­
tive Study, a thesis by the author. It is known that the com­
position of the cane varies longitudinally but not radially. 
Thus, by splitting the cane compositions of the two halves 
were essentially the same.
Tables XIX, XX and XXI show the results of the analysis
ATABLE XIX
ANALYSIS OF VARIANCE FOR POL IN CANE SAMPLES (SPLIT CANE METHOD)
1958-59 Season
Source of Variance
Sum of 
Squared 
Deviations
Degrees
of
Freedom Variance
Variance Ratio 
Calculated Theoretical F 
F 95% 99%
FARREL MILL OPERATION
Within Samples 0.95 6 0.16 2 . 1 0 2.93 4 . 6 6
Between Analyses 0 . 0 0 1 0 . 0 0 0 . 0 0 4.65 9.11
Discrepancy 0.04 6 0.07 0.92 2.93 4.66
Total 0.99 13 0.076
WARING BLENDER OPERATION
Within Samples 5.95 6 0.99 1.98 2.93 4.66
Between Analyses 0.03 1 0.03 0.06 4.65 9.11
Discrepancy 0.58 6 0.09 0.18 2.93 4 . 6 6
Total 6.53 13 0.50
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TABLE XX
ANALYSES OF VARIANCE FOR FIBER IN CANE SAMPLES (SPLIT CANE METHOD)
1958-59 Season
Sum of Degrees Variance Ratio
Squared of Calculated Theoretical F
Source of Variance Deviations Freedom Variance F 95% L 99%
FARREL MILL OPERATION
'
Within Samples 15.54 6 2.59 1.98 2.93 4 . 6 6
Between Analyses 0.64 1 0.64 0.49 4.65 9.11
Discrepancy 0.87 6 0.14 0 . 1 1 2.93 4.66
Total 17.05 13 1.31 \
WARING BLENDER OPERATION
Within Samples 6 . 1 1 6 1 . 0 2 1.76 2.93 4.66
Between Analyses 0.76 1 0.76 1.31 4.65 9.11
Discrepancy 0.72 6 0 . 1 2 0 . 2 1 2.93 4.66
Total 7.59 13 0.58
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TABLE XXI
ANALYSIS OF VARIANCE FOR PURITY OF THE EXTRACTED JUICE FROM SAMPLE
(SPLIT CANE METHOD)
1958-59 Season
Source of Variance
Sum of 
Squared 
Deviations
Degrees
of
Freedom Variance
Variance Ratio 
Calculated Theoretical F 
F 95% 99%
FARREL MILL OPERATION
Within Samples 65.46 6 10.91 2.05 2.93 4.66
Between Analyses 0.03 1 0.03 0.005 4.65 9.11
Discrepancy 3.83 6 0.64 0 . 1 2 2.93 4.66
Total 69.29 13 5.33
WARING BLENDER OPERATION
Within Samples 83.07 6 13.84 1.81 2.93 4.66
Between Analyses 10.72 1 10.72 1.40 4.65 9.11
Discrepancy 5.35 6 0.89 0 . 1 2 2.93 4.66
Total 99.14 13 7.63
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of variance. Tabulated results show that the reliability of 
the Farrel Mill results is greater than that of the Chipper- 
Waring Blender method. From the lack of agreement of pol per 
cent cane in duplicate analysis of chipped cane, it was in­
ferred that the chips are not homogeneous and the composition 
of the chipped cane is of wide variation. This inference led 
to an investigation of the length of the blending period and 
the size distribution of the chipped cane and its effect on 
the analysis of the sample by the Waring Blender procedure. 
Later it was found that the size of the chips had a bearing 
on the reliability of the results obtained from the Waring 
Blender procedure.
A closer agreement between the two parts of cane processed 
separately on the Farrel Mill, than between the two parts of 
cane processed separately bn the Waring Blender, resulted be­
cause there were fewer ruptured cells when the split cane was 
ground on the Farrel Mill than when it was chipped and pro­
cessed in the Waring Blender
Thus, the reliability of the Farrel Mill results appear 
to be greater than that of the Waring Blender. Chipped cane 
processed in the Waring Blender produced more variable results. 
For comparable material, a lower pol per cent result can be 
expected if processed in the Waring Blender than if processed 
on the Farrel Mill. The reason is that juice is lost through
104
the ruptured cells when the cane Is chipped preparatory to 
processing In the Waring Blender.
Because of the difficulties encountered with the Waring 
Blender, such as the work involved in chipping cane that is 
required for processing by this method and the variability 
of the results, and since the Farrel Mill appears to be a more 
practical and conventional process, no further research on the 
Chipper- Waring Blender process was justified.
Disagreement of the results between the different sampling 
methods and consistent underestimation of per cent fiber in 
cane led to the conclusion that samples are not adequately 
representative. The amount of trash in a commercial bundle 
of cane has very little effect on the fiber analysis, when 
samples are drawn manually and processed on either the Farrel 
Mill or in the Waring Blender, because most of the leaves and 
trash are lost in handling.
In the coring device, the entire sample is processed as 
a unit. There is reason to believe that one position, say 
midway between the bottom and the top, may produce results 
so that all parts of the stalk will be adequately represented. 
This does not mean that all parts of the cane have to be in­
cluded in the sample, especially in the case of mature cane.
During the 1958-59 grinding season, an attempt was made 
to locate one or two positions along the length of the bundle
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where a core-sample would adequately represent the entire 
butidle. The analysis of variance for per cent pol in cane, 
per cent fiber in cane, and per cent purity of the extracted 
juice, as presented in Tables XXII, XXIII and XXIV, respec­
tively, show that the position along the length of the bundle 
had no significant difference or bearing in the estimation of 
the quality of the consignment. In other words, the six 
positions along the length of the bundle could hot differen­
tiate the estimation of its quality to an appreciable extent.
In Table XXII, it is noticed that the calculated "F" value 
between positions is 0.29, whereas the theoretical values of 
,fF" at the 95% and 99% confidence levels are 4.40 and 13.57, 
respectively. This shows that there are no significant dif­
ferences between the various positions, but highly significant 
differences exist within the bundle. This confirms the basis 
for the entire study— that the quality of cane measured by 
pol, fiber, and purity of the extracted juice does vary 
significantly.
Tables XXV, XXVI, and XXVII show that there exist highly 
significant differences between bottom, middle and top portions 
of the stalk. The observed MF" values between the positions 
were always much higher than the theoretical values at the 
95% and 99% confidence levels. This result ratified the 
hypothesis that one position midway between top and bottom
TABLE XXII
ANALYSIS OF VARIANCE FOR POL IN CANE
SIX CORING POSITIONS
1958-59 Season
Source
of
Variation
Sum 
of Squared 
Deviations
Degrees
of
Freedom Variance
Variance
Ratio
F
Theoretical 
Value F 
95% 99%
Within Bundles 101.31 16 6.33 4.76 1.75 2.19
Between Positions 1.96 5 0.39 0.29 4.40 13.57
Discrepancy 30.61 80 0.38 0.29 1.42 1.70
Total 133.88 1 0 1 1.33
ANALYSIS
TABLE XXIII
OF VARIANCE FOR FIBER IN 
SIX CORING POSITIONS 
1958-59 Season
CANE
Source Sum Degrees Variance Theoretical
of of Squared of Ratio Value F
Variation Deviation Freedom Variance F 95% 99%
Within Bundles 232.90 16 14.56 4.49 1.75 2.19
Between Positions 8.67 5 1.73 0.53 4.40 13.57
Discrepancy 86.16 80 1.08 0.33 1.42 1.70
Total 327.73 1 0 1 3.24
TABLE XXIV
ANALYSIS OF VARIANCE FOR PURITY OF JUICE
SIX CORING POSITIONS
1958-59 Season
Source Sum Degrees Variance Theoretical
of of Squared of Ratio Value F
Variance Deviations Freedom Variance F 95% 99%
Within Bundles 670.60 16 41.91 4.31 1.75 2.19
Between Positions 25.12 5 5 . 0 2 0.52 4.40 13.57
Discrepancy 287.39 80 3.59 0.45 1.42 1.70
Total 983.11 1 0 1 9.73
TABLE XXV
. ANALYSIS OF VARIANCE FOR POL IN CANE
BOTTOM, MIDDLE, AND TOP PORTIONS OF SUGAR CANE STALKS
1958-59 Season
Source Sum Degrees Variation Theoretical
of of Squared of Ratio Value F
Variation Deviations Freedom Variance F 95% 99%
Within Samples 21.18 6 3.53 0.54 3.92 7.52
Between Positions 98.57 2 49.28 7.51 3.49 5.85
Discrepancy 11.54 1 2 0.96 0.15 2.54 3.86
Total 131.29 2 0 6.56
TABLE XXVI
ANALYSIS OF VARIANCE FOR FIBER IN CANE 
BOTTOM, MIDDLE, AND TOP PORTIONS OF SUGAR CANE STALKS
1958-59 Season
Source
of
Variance
Sum 
of Squared 
Deviations
Degrees
of
Freedom Variance
Variance
Ratio
F
Theoretical 
Value F 
95% 99%
Within Samples 7.94 6 1.32 0.39 3.92 7.52
Between Positions 53.55 2 26.78 7.90 3.49 5.85
Discrepancy 6.29 8 0.79 0.23 2.54 3.86
Total 67.78 2 0 3.39
ANALYSIS 
BOTTOM, MIDDLE,
TABLE XXVII
OF VARIANCE FOR PURITY OF JUICE 
AND TOP PORTIONS OF SUGAR CANE STALKS 
1958-59 Season
Source Sum Degrees Variance Theoretical
of of Squared of Ratio Value F
Variation Deviations Freedom Variance F 95% 99%
Within Samples 96.01 6 16.00 0.13 3.92 7.52
Between Positions 1,939.31 2 969.66 8.03 3.49 5.85
Discrepancy 378.74 1 2 31.56 0.26 2.54 3.86
Total 2,414.06 2 0 120.70
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may adequately represent the quality of the shipment. But 
actual experimental results did not show any significant 
differences between the positions. A significant difference 
between the positions could not be expected from a commercial 
bundle because tops and bottoms of the stalks are intermingled 
in the mechanically harvested cane.
During the early part of the 1959-60 grinding season an 
attempt was made to keep the orientation of the bundle fixed 
on the carriage. But the results of the analysis of variance 
in Table XXVIII, XXIX, XXX and XXXI show that the positions 
within the bundle had no bearing in the estimation of per 
cent pol, per cent fiber, per cent purity and per cent ex­
traction of juice from cane.
During the latter part of the 1959-60 grinding season, 
two core-samples were withdrawn from near the two chains of 
the bundle. It was found that the core-sample near the chain 
contained approximately 80 to 120 small pieces of cane. Each 
small piece represents one single stalk. Thus, the sample 
near the chain had representatives from 80 to 1 2 0  stalks, 
which is a fairly good representation of .the whole population.
Tables XXXII, XXXIII, XXXIV and XXXV present the com­
parative results of the core-sample near the two chains.
Table XXXII shows that the mean deviation of X 2 (coring posi­
tion No. 2 near the chain) is +0.31 and the standard error is
TA$LE XXVIII
ANALYSIS OF VARIANCE FOR POL IN CANE SIX CORING POSITIONS
1959-60 Season
Sum of Degrees Variance Ratio
Squared of Calculated Theoretical F
Source of Variance Deviations Freedom Variance F 957o 99%
Within Bundles 60.60 1 1 5.51 5.13 1.94 2.57
Between Positions 3.04 5 0.61 0.57 2.36 3.31
Discrepancy 12.59 55 0.23 0 . 2 1 1.57 1.91
Total 76.23 71 1.07
TABLE XXIX
ANALYSIS OF VARIANCE FOR FIBER IN CANE SIX CORING POSITIONS
1959-60 Season
Source of Variance
Sum of 
Squared 
Deviations
Degrees
of
Freedom Variance
Variance Ratio 
Calculated Theoretical F 
F 95% 99%
Within Bundles 55.46 1 1 5.04 3*40 1*94 2*57
Between Positions 1; 78 5 0.36 0*24 2*36 3; 31
Discrepancy 47.96 55 0.87 0.59 1.57 1.91
Total 105.20 71 1.48
TABLE XXX
ANALYSIS OF VARIANCE FOR PURITY OF JUICE SIX CORING POSITIONS
1959-60 Season
Sum of Degrees Variance Ratio
Squared of Calculated Theoretical F
Source of Variance Deviations Freedom Variance F 95% 99%
Within Bundles 722.96 1 1 65.72 4.63 1; 94 2; 57
Between Positions 58.50 5 11; 70 0.82 2 ; 36 3; 31
Discrepancy 225.71 55 4.10 0.29 1.57 1.91
Total 1007.17 71 14.18
TABLE XXXI
ANALYSIS OF VARIANCE FOR EXTRACTION OF JUICE PER.CENT CANE SIX CORE POSITIONS
1959-60 Season
Sum of Degrees Variance Ratio
Squared of Calculated Theoretical F
Source of Variance Deviations Freedom Variance F 95% 99%
Within Bundles 315;95 1 1 28.72 3.31 1.94 2; 57
Between Positions 37.53 5 7.51 0 . 8 6 2; 36 3; 31
Discrepancy 262.61 55 4.77 0.55 1.57 1.91
Total 616.09 71 8 . 6 8
TABLE XXXII
. PER CENT POL IN CANE FOR TOO CORING POSITIONS (NEAR THE TOO CHAINS)
Statistical Analysis 1959-60 Season
Farrel Mill
Coring Position 
No. 1 Near Chain
Xl-cQ
Coring Position 
No. 2 Near Other Chain 
X 2 - 6 0
Average 
of the Two 
Xav-6 Q
Number of Runs 16 16 16
Total, sample 147.67 155.87 151.75
Total, mill 160.81 160.81 160.81
Average, sample 9.91 9.64 9.48
Average, mill 10.05 10.05 10.05
Standard deviation, sample 1.39 1.35 1.35
Standard deviation, mill 1.16 1.16 1.16
M-Xi m-x2 M-Xav
Deviation from mill, plus +13.82 + 6.92 + 1 0 . 0 2
Deviation from mill, minus - 0.70 - 1.98 - 0.99
Total regarding sign +13.12 + 4.94 + 9.30
Average regarding sign + 0.82 + 0.31 + 0.58
Total disregarding sign 14.52 8.90 1 1 . 0 1
Sum of deviations squared 2 0 . 8 6 9.28 13.42
Standard deviation 0.82 0.72 0.74
Standard error 0.205 0.180 0.185
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TABLE XXXIII
PER CENT FIBER IN CANE
Statistical Analysis
FOR TWO CORING POSITIONS (NEAR THE TWO CHAINS) 
i 1959-60 Season
FARREL MILL OPERATION
Coring Position Coring Position 
No. 1 Near Chain No. 2 Near Other Chain 
______ X 1=6J3_____  __ ______X 2-6Q_______
Average 
of the Two 
_Xay.-.fifl___
Number of Runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample 
Standard deviation, mill
Deviation from mill, plus 
Deviation from mill, minus
Total Regarding Sign
Average Regarding Sign
Total Disregarding Sign
Sum of Deviations Squared
Standard Deviation
Standard Error
16
202.95
205.39
12.68
12.84
1.33
1.20
M-Xi
+ 7.33 
- 4.89
+ 2.44
+ 0.152
12.22
16.46
1.03
0.257
16
193.43
205.39
12.09
12.84
1.05 
1.20
M-X2
+13.89 
- 1.93
+11.96
+ 0.747
15.82
25.62
1.05 
0.262
16
198.15
205.39
12.38
12.84
0.95
1.20
M-Xav
+ 9.98 
- 2.79
+ 7.19
+ 0.45
12.77
15.98
0.92
0.230
' TABLE XXXIV
PER CENT PURITY OF EXTRACTED JUICE TWO CORING POSITIONS (NEAR THE TWO CHAINS) 
Statistical Analysis 1959-60 Season
FARREL MILL OPERATION
Coring Position 
No. 1 Near Chain
______  Xl-6n____
Coring Position 
No. 2 Near Other Chain
__________ Xr-.Sq_____ ;_
Average 
of the Two 
 Xav-6o
Number of runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample 
Standard deviation, mill
Deviation from mill, plus 
Deviation from mill, minus
Total Regarding Sign
Average Regarding Sign
Total Disregarding Sign
Sum of Deviations Squared
Standard Deviation
Standard Error
16
1,241.92
1,199.24
77.62
74.95
3.78
3.27
M-Xi
+ 0.20 
-42.88
-42.68
- 2.67
43.08
151.65
1.59
0.397
16
1,264.72
1,199.24
79.05
74.95
3.62
3.27
M-X2
+ 0.00 
-65.48
-65.48
- 4.09
65.84
312.16
1.72
0.430
16
1,253.37
1,199.24
78.33
74.95
3.60
3.27
M-Xav
+ 0.00 
-54.08
-54.08
- 3.38
54.08
212.27
1.40
0.350
TABLE XXXV
PER CENT EXTRACTION JUICE
Statistical Analysis
IN CANE FOR TWO CORING POSITIONS (NEAR THE TWO CHAINS)
1959-60 Season
Coring Position 
No. 1 Near Chain
________*1=l&Q______
Farrel Mill Operation
Coring Position 
No. 2 Near Other Chain 
_________ Xa—so________
Average 
of the Two 
 Xatf-.gQ
Number of Runs
Total, sample 
Total, mill
Average, sample 
Average, mill
Standard deviation, sample
Deviation from mill, plus 
Deviation from mill, minus
Total Regarding Sign 
Average Regarding sign 
Total Disregarding sign 
Sum of Deviations Squared 
Standard Deviation 
Standard Error
16
1,079.07
1,317.47
67.44
82.34
4.02
4.70
M-Xi
+238.40 
-  0.00
+238.40
+ 14.90
238.40
3,842.18
4.38
1.095
16
1,092.99
1,317.47
68.31
82.34
3.80
4.70
M-Xa
+224.48 
-  0.00
+224.48
+ 14.03
224.48
3.432.07
4.23
1.057
16
1,085.99
1,317.47
67.87
82.34
3.65
4.70
H-Xav
+231.48 
-  0.00
+231.48
+ 14.47
231.48
3,606.07
4.14
1.035
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0.18, which are the least values in the table. In Figure 13, 
it is obvious that position 2 gave a better estimation of pol 
per cent cane than position 1 and the average of the two.
But, in Table XXXIII and Table XXXIV, it is noticed that 
position 1 gave a better estimation of per cent fiber in cane 
and per cent purity of extracted juice from cane than those 
obtained from other samples. This is obvious from Figures 
14 and 15. Table XXXV shows that position 2 gave a better 
estimation of the per cent extraction of juice from the cane 
than any other positions. But the differences are very small. 
Figure 16 shows that all the positions gave a biased estima­
tion of the extraction in the positive direction; i.e., the 
estimated extraction is always lower than the actual extraction 
of juice from the cane. This is true because the small test 
mill cannot give the same performance as is expected from the 
commercial tandem.
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CHAPTER VIII
ECONOMIC EVALUATION OF THE DIFFERENT SAMPLING 
AND PROCESSING METHODS
To obtain a more nearly correct idea of different sam­
pling and processing procedures of cane samples, it would 
be necessary to compare the capital investment in the 
machinery and laboratory equipment, as well as the manhour 
requirements for different sampling methods (29).
Waddell (48) has compared the cost of different cane 
payment systems and drawn attention to some .of the principles 
involved. On the basis of observations made in Queensland, 
the Philippines, Puerto Rico, Jamaica, Mexico and the 
United States, he considered that a cane payment system 
which requires about 0 . 1  manhour per long ton of cane crushed 
per 24 hours is reasonably efficient. He gave the example 
\diich follows:
Employed by the Miller:
3 Weigh bridge clerks weighing cane, full time =
3 Cane samplers (spotting trucks, etc.), full
time =
3 Juice men (handling juices), full time =
3 Fiber sampling and testing men, full time =
3 Shift chemists reading Pol, Brix, Half time =
1 Assistant chemist, supervision, half time =
1 Chief chemist, supervision, quarter time =
1 Unit clerk, calculating cane value, full time =
1 Office clerk on weekly cane payment, half
time =
24 manhours
24 manhours
24 manhours
24 manhours
1 2 manhours
4 manhours
2 manhours
8 manhours
4 manhours
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Employed by a Government Authority:
3 Qualified cane testers, mainly supervision,
full time = 24 manhours
1 District supervising cane tester, one-
eighth time = 1 manhour
Total manhours devoted to cane evaluation =151 manhours
If this factory crushes about 1,600 long tons of cane in 
24 hours, then 151/1600 = 0.09 manhour per ton per 24 hours 
will be devoted exclusively for evaluating cane deliveries 
from individual growers.
Table XXXVII includes estimated investment in laboratory 
building, equipment, and supplies required for the two pro­
cedures considered (Farrel Mill and Waring Blender).
A comparison of the labor required for sampling cane by 
the mechanical grab, manual and coring procedures is sub­
mitted in Table XXXVIII.
A comparison of the labor required for sampling cane, 
sample preparation, and analysis by the Farrel Mill pro­
cedures versus the chipper-Waring Blender method is submitted 
in Table XLI. In the preparation of this table, the follow­
ing assumptions were made (29):
(1) One hundred samples would be processed per 
1 2 -hour day.
(2) Cane samples processed on the Farrell Mill would 
be analyzed to determine not only juice com­
position, but also pol and fiber content of
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TABLE XXXVI
COMPARATIVE EQUIPMENT COSTS
Hand Estimated Cost* Coring 
Sample Grab Sampler Sampler
Mechanical grab and
derrick Nil $1,800 $5,000
Annual depreciation Nil $ 90 $ 250
* Basis 100 samples per 12-hour day.
TABLE XXXVII
COMPARATIVE COSTS - SAMPLE PROCESSING BY 
FARREL MILL VERSUS CHIPPING-WARING BLENDER
Farrel Chipper-
______________ Item_______________  Mill Waring Blender
Sample mill, 12" x 12" new, motor $ 6,000
driven
Cane chipper $ 1,500
Waring Blender, 5 qt. size - $ 1,050 (3 units)
Laboratory equipment* $ 3,169 $ 3,169
Laboratory building and furnishings $ 3,020 $ 3,020
Totals $12,189 $ 8,737
Annual depreciation at 5% $ 609 $ 437
Basis 100 samples per 12 hours
* See Appendix IV for details.
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TABLE XXXVIII
COMPARATIVE LABOR REQUIREMENTS 
CANE SAMPLING
Hand Grab
  Item__________ " Sampling Sampling Coring
Manhours required 36 24 20
Manhours per sample 0.36 0.24 0.20
Basis: One hundred samples per 12-hour day.
TABLE XXXIX
COMPARATIVE LABOR REQUIREMENTS 
CANE SAMPLE PREPARATION AND ANALYSIS
Basis: One hundred samples per 12-hour day*
Manhours per day: Farrel Chipper-
Mill Waring Blender
Sample preparation 24 36
Waring Blender - 24
Sample analyses: Brix-Pol-Purity 36 48
Totals 60 108
Manhours per sample 0.60 1.08
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TABLE XL
COMPARATIVE ANNUAL COSTS
Basis: 7,000 Samples per Crop Year
Item
Depreciation charges* 
Labor required, manhours 
Labor costs ($1.25/raan- 
hour)
Total costs
Cost per sample
Hand
Sample
Nil
2,520
$3,150.00
$3,150.00
$ 0.45
Grab
Sampling
Coring
Sample
$ 90.00 $ 250.00
1,680 1,400
$2,100.00 $1,750.00
$2,190.00 $2,000.00
$ 0.31 $ 0.28
* Annual depreciation at 5%.
TABLE XLI
COMPARATIVE ANNUAL COSTS 
SAMPLE PREPARATION AND ANALYSIS
Item
Sample preparation 
Laboratory equipment 
Laboratory building and 
furnishings 
Labor, manhours 
Labor costs ($1.25/manhour)
Total
Cost per sample
Farrel Mill
$ 330.00
$ 158.45
$ 151.00
4,200 
$5,250.00
$5,889.45 
$ 0.842
Chipper- 
Waring Blender
$ 128.00 
$ 158.45
$ 151.00
7,560 
$9,450.00
$9,887.45
$ 1.41
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bagasse. With these data, the pol % in cane, 
fiber % in cane, purity of the extracted juice, 
and the per cent extraction of juice can be 
determined.
(3) Laboratory equipment and personnel would be 
arranged to do analyses on a production line 
basis to hold down costs and insure good work.
As would be expected, the chipper-Waring Blender procedure 
is considerably more costly than the Farrel Mill procedure even 
with the additional labor required for the fiber determination. 
Total investment required is about the same, but the Waring 
Blender requires almost twice the labor per small sample that 
the other procedure does.
Further, to obtain a more nearly correct idea of probable 
depreciation costs of the machinery employed in the different 
sampling procedures, Table XLI is submitted.
CHAPTER IX
REGRESSIONAL CORRELATION
The primary objective of this study was to estimate the 
quality of the individual consignment of sugar cane as 
delivered to the cane sugar factory. In the course of this 
study, it was found that the estimation of the quality of 
commercial deliveries of sugar cane from the analysis of a 
sample by any of the methods examined was not very accurate. 
It was necessary to develop some relationship (or equation) 
which would correlate some easily measurable variates with 
the quality of the consignment.
Many years ago, mathematicians developed a method 
whereby the matter of correlation above the level of mere 
argument, and perhaps guesswork, could be improved. This 
method is to calculate the total correlation coefficient 
(universely designated, r) from the data and test its 
significance.
Christianson (13) showed that there is a perfect cor­
relation between the fiber and the pol per cent cane. He 
also found a similar relationship between the Brix and the 
pol per cent of the extracted juice.
It is known that, as the fiber content of the cane
127
128
increases, the pol per cent cane decreases. This is obvious 
from Table XLII. It is also known that in mature cane, as 
the Brix per cent juice increases, the pol per cent juice 
also increases, leaving the purity (Pol/Brix) almost constant. 
With this information and the Christianson correlation, an 
attempt was made to find a correlation between the ratios 
(Fiber/Pol)cane and (Brix/Pol)juice* The inverse ratio of 
Christianson's variates was considered because the ratio, 
(Fiber/Pol)cane, approaches to unity as the quality of the 
cane increases. Further, it is known that as the ratio, 
(Brix/Pol)j, approaches unity the quality of the extracted 
juice increases. These two ratios could be directly 
associated.
Considering (Fiber/Pol)cane as a dependent and (Brix/Pol)j 
as an independent variate, the correlation coefficient was 
calculated. But the special test of the correlation coef­
ficient showed that the correlation was not good. This was 
expected because the ratio (Brix/Pol)juice cane has the same 
value with different sets of Brix and Pol values.
Another independent variate was introduced to improve 
correlation. The ratio, (Brix/Pol)juice, may have the same 
value with different combinations of Brix and pol values, 
but with any specific value of Brix or pol the ratio can 
have only one value for the unknown component. For example, if 
(Brix/Pol) = 1.207 Brix =15.30
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TABLE XLII
RATIO OF PER CENT FIBER TO PER CENT POL 
AND INVERSE OF PURITY FOR CORRELATION 
1958-59 SEASON
Fiber/ Brix/
Pol % Fiber % Brix % Pol % Pol Pol
Date Cane Cane Juice Juice (Cane) (Juice)
Oct. 18 10.17 13.28 15.30 12.67 1.306 1.207
Oct. 23 9.08 11.98 14.49 10.57 1.319 1.416
Oct. 24 10.71 12.52 16.23 12.62 1.169 1.286
Oct. 28 11.73 16.94 18.57 15.19 1.444 1.223
Oct. 29 12.15 17.26 18.53 15.42 1.420 1 . 2 0 1
Oct. 31 10.99 1 2 . 1 2 16.34 13.26 1.103 1.232
Nov. 4 1 0 . 8 6 10.95 15.44 12.16 1.008 1.270
Nov. 5 10.70 12.46 16.09 12.73 1.164 1.264
Nov. 6 10.07 11.59 16.54 11.90 1.083 1.390
Nov. 7 9.56 13.03 15.64 1 1 . 6 6 1.363 1.336
Nov. 1 1 12.19 14.21 17.64 15.01 1.165 1.175
Nov. 1 2 1 1 . 1 2 14.24 16.99 13.93 1.289 1.219
Nov. 13 12.80 13.10 18.12 15.39 1.023 1.177
Nov. 14 12.65 12.84 17.98 15.18 1.502 1.184
Nov. 18 12.23 1 1 . 0 2 17.14 14.41 0.901 1.190
Nov. 19 1 1 . 1 2 1 2 . 0 0 16.78 13.65 1.079 1.230
Nov. 2 0 12.53 12.03 17.83 14.99 0.960 1.190
Nov. 2 1 12.33 12.78 17.64 15.05 1.036 1.172
Nov. 25 12.93 11.99 18.10 15.66 0.927 1.156
Nov. 26 . 11.56 1 1 . 2 0 16.70 13.66 0.969 1 . 2 2 2
Dec. 2 13.37 16.04 18.63 16.88 1.199 1 . 1 1 0
Dec. 3 13.51 17.06 19.49 17.36 1.263 1.123
Dec. 4 13.97 14.73 . 19.36 16.84 1.054 1.150
Dec. 5 13.26 12.83 18.70 15.83 0.967 1.167
Dec. 9 11.77 12.14 17.33 13.93 1.031 1.244
Dec. 1 0 10.92 9.64 16.03 12.43 0.883 1.290
Dec. 1 1 13.10 12.23 18.66 15.57 0.933 1.198
Dec. 1 2 14.08 13.65 19.57 17.36 0.969 1.127
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the ratio, 1.207, can have only one value for pol; i.e., 12.67., 
Thus, by specifying one component of the ratio the other com­
ponent is also fixed for the same value of the ratio. Either 
Brix or pol per cent juice are separately considered as the 
second independent variable. Mathematically, it is expressed 
as:
Y = f(Xx , X2)
where, Y = (Fiber/Pol)cane ; Xx = (Brix/Pol)juice 
X2 = Brix or Pol of the extracted juice 
The correlation coefficient, R, was calculated using the 
standard procedure (as given in Applied Statistics for 
Engineers, by W. Volk, McGraw-Hill Book Company, New York,
1957), and the results are presented in Table XLIII.
The simple correlation coefficient, r, can be either 
positive or negative depending upon the sign of the slope.
But R (regressional correlation coefficient) is always 
positive, as the negative value of multiple correlation 
would have no significance. R can have any value from zero 
to one, but must be greater than any of the simple correla­
tion coefficients, ryx .^ R need not be larger than the 
correlation coefficient between independent variables, rx^y^, 
where i and j are not the same. From Table XLIII,
R = 0.17431 ryXi = 0.16419
rXlx2 = 0.79769 ry X 2  = 0.09567
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TABLE XLIII
CORRELATION COEFFICIENTS 
Y * bQ + biXi + bgXg 
Y = (Fiber/Pol)cane ; Xi = (1/Purity) ;
X2 = Brix of Juice Xg = Pol % Juice
Number of Observa­
tions; N
bx
bg
b0
R
ryxx
ryx2
rXxX2
S'C2
Degrees of Freedom
Z'Y2
D. F.
S2 (Y)
Cxx
Cg2
Cx2
S(bx)
S(bg)
tx
12
Co . 05 25
bx = ±(2.060)(Sbl)
28
0.57904
0.01267
0.19957
0.17431
0.16419
0.09567
0.79769
0.025749
2.0
0.8217
25
0.03286
18.636
0.05533
0.81003
0.7826
0.042646
0.73985
0.29719
2.060
±1.61216
28
0.87527
0.021549
-0.25062
0.18650
0.16419
0.11465
0.91530
0.027214
2.0
0.81799
25
0.03272
41.7804
0.0700
1.5656
1.1692
0.047868
0.7486
0.45017
2.060
±0.0878
* Table 6.1, page 99, Applied Statistics for Engineers. 
by W. Volk, McGraw-Hill Book Company, New York, 1957.
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TABLE XLIII (Continued)
X2 = Brix of Juice
b2 = +(2.060)(Sb2) ±0.0878
F 0.391
Fotbs, a, 25 3.38
Xg = Pol % Juice
±0.0878
1.1009
3.38
** Table 7.8, page 148, Applied Statistics for Engineers, 
by W. Volk, McGraw-Hill Book Company, New York, 1957.
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it is obvious that R is larger than any of the simple cor­
relation coefficients, but smaller than that of the 
independent variables. This indicates that there is a 
stronger correlation between the independent variables Xi 
and X2 , and that is why R is not much larger than the simple 
correlation coefficients.
When X2 is the Brix, the "t test" showed that the cal­
culated t's are smaller than the theoretical t obtained at 
the 957o confidence level and with 25 degrees of freedom.
But column 2 of Table XLIII shows that the calculated t's 
are not less than the theoretical t. This indicates that 
there is a significant difference between the hypothetical 
and calculated coefficient, bx. This is further ratified 
when rX i X 2  is considered. This shows that Xi and X2 are 
very closely associated.
The variance test of correlation shows that the cal­
culated value of F is less than the theoretical value of F 
at the 95% confidence level, and with 2 and 25 degrees of 
freedom. This indicates that the correlation coefficient 
is insignificant. Table XLVI shows the comparison between 
Y calculated and Y observed.
A further attempt was made to improve the correlation 
by considering both the pol and the Brix of the extracted 
juice as independent variables. This time, 72 sets of
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TABLE XLIV
CORRELATION COEFFICIENTS
Y = + biXi + b2 X2 + b3 X3
Y = (Fiber/Pol)cane 
Xi = (1/Purity)juice
X2 = Brix (juice) 
X3 = Pol (juice)
N
bi
b2
b3
bo
R
ryxi
ryx2
ryx3
rxix2
r X i X 3
r
X 2 X 3
s'c2
Degrees of freedom
S'Y2
D.F.
S2 (Y)
Cxi
C22
C3 3
Ci2
Cx3
72
2.459
-0.07124
0.08584
-1.882
0.6304
0.6285
0.4977
0.5751
0.7835
0.9163
0.96131
0.963
2
1.4621
68
0.0215
94.38
87.08
1.30
-7.998
10.559
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TABLE XLIV (Continued)
C2 3 —1.041
S(bl) 0.1424
S(ba) 0.1368
S(b3) 0.167
ti 0.1727
t2 -0.5207
t3 0.51327
to.05,68 '1.998
bx = ±(1.998)(sbl) ±2:845
ba - +(1.998)(Sba) t0.273
b3 = t(1.998)(Sb3) tO.337
F 14.93
Fotos, 2 , 6 8  3.14
* Table 6.1, page 99, Applied Statistics for Engineers, 
W. Volk, McGraw-Hill Book Company, New York, 1957
** Table 7.8, page 148, Applied Statistics for Engineers, 
W. Volk, McGraw-Hill Book Company, New York, 1957
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data were considered. Mathematically, it is expressed as:
Y = f(Xi, X2, X3) 
where Y = (Fiber/Pol)cane ; Xi = (Brix/Pol)juice
X2 = Brix (juice) X3 = Pol (juice)
The correlation coefficient, R, was calculated, and the
results are tabulated in Table XLIV. This shows that R is
larger than the simple correlation coefficients but smaller 
than that of the independent variables. The magnitude of 
the difference between R and rx^y. is much smaller than with 
the previous cases. This indicates that the correlation is 
much better than the previous one.
The variance test shows that the calculated F is much 
larger than the theoretical F at the 95% confidence level, 
and with 2 and 6 8  degrees of freedom. Further, the t test 
shows:
ti = 0.1727 ; t2 = -0.5207 ; t3 =0.5137
to.0 5 , 6B = 1.998 
that calculated t's are much smaller than the theoretical t. 
This clearly indicates that the correlation is significantly 
better than the previous one. By introducing one more 
independent variate, the correlation is much improved.
Table L shows the comparative results of Y calculated and Y 
observed.
Another attempt was made to correlate fiber or pol
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per cent cane with per cent extraction and purity of the 
extracted juice. The correlation coefficient was calculated 
and the results are tabulated in Table XLV. As before, 72 
sets of data were considered. In Table XLV, column 1 repre­
sents the results when Y = Pol % cane and column 2 presents 
Y = Fiber % cane. Column 1 shows:
R = 0.8811 ; r v = 0.05232 ; rvv = 0.0473yxi ' yx2
ryxs - °-87412 ! rXlXa - ° - 6 0 7 1 1  : r X l X 3  = °-°1419
r X 2 X 3  " °-0 1 8 0 5  
This indicates that the correlation is significant.
Further, the variance test of the correlation shows that
the calculated F is much larger than the theoretical F at the
95% confidence level, and with 2 and 6 8  degrees of freedom. 
This ratifies the previous conclusion.
Column 2 of Table XLV shows:
R = 0.62502 ; rvv = 0.60711 ; rvv = 0.01850yxi yx2
ryx3 =0-04788 ; rXiXa = 0.01419 ; rX l X 3  = 0.05232
rx2 x3 " ° * 8 7 4 1 2  
This indicates that the correlation is significant. The
variance test of the correlation shows that the calculated F
is larger than the theoretical F at the 95% confidence level,
and with 2 and 6 8  degrees of freedom. This ratifies the
previous statement. A comparison of Y calculated and Y
observed is made in Table XLVIII and Table XLIX.
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TABLE XLV
CORRELATION COEFFICIENTS
Y = bo + biXx + bzXz + bsXs
Where: Y = Pol % or Fiber % cane X2  = Fiber X3  = Pol %
Xx = Extraction % X3 = Purity X2 = Purity
(juice) (juice)
N 72 72
bx 0.04693 -0.25911
b 2 0.09627 -0.08410
bz 0.24047 0.36199
bo -13.24696 32.69369
R 0.88111 0.62503
r
y*i 0.05232 0.60711
ryx2 0.04788 0.01805
ryx3 0.8741 0.04788
r X x X 2 0.60711 0.01419
r X x X 3
0.01419 0.05232
rx2x3 0.01805 0.87412
Z ' C2 59.18384 41.10082
Degrees of freedom 2 2
Z'Y2 17.048 64.105
D.F. 68 68
32 (Y) 0.2505 0.9427
Cxx 0.00257 0.00165
C22 0.01505 0.00427
C33 0.00099 0.05661
Cxa 0.00377 0.00032
Cxs - -0.00128
C23 0.00004 -0.01363
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TABLE XLV (Continued)
S(bi)
0.02539 0.03948
S(b.) 0.06143 0.06348
S (b,)
0.01578 0.23102
1.84827 -6.56313
^2 1.56695. -1.32487
ta 15.23750 1.56695
ie
to.05, 68 1.998 1.998
b 1 - +(1.998) (Sbl) +0.050729 tO.07881
ba = +(1.998)(Sba) +0.12274 ±0.12683
b3 = +(1.998)(Sb3) to.03125 tO.46157
F 78.598 14.543
irk
Fo.Os, 2 , 68 3.14 3.14
* Table 6.1, page 99, Applied Statistics for Engineers, by 
W. Volk, McGraw-Hill Book Company, New York (1957).
** Table 7.8, page 148, Applied Statistics for Engineers, by 
W. Volk, McGraw-Hill Book Company, New York (1957).
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TABLE XLVI
REGRESSIONAL CORRELATION 
BRIX OF EXTRACTED JUICE AS ONE VARIABLE
RUN
NO
FIBER/POL
Yobs
FIBER/POL
Ycal
DEVIATION 1/PURITY
X1
BRIX
X2
1 1.3060 1.0923 0.2136 1.207 15.30
2 1.3190 1.2031 0.1158 1.A16 1A.A9
3 1.1690 1.1A99 0.0190 1. 286 16.23
A 1.AAA0 1.1A30 0.3009 1.223 18.57
5 1.A200 1.1298 0.2901 1.201 18.53
6 1.1030 1.1200 -0.0170 1.232 16. 3A
7 1.0080 1 .1306 -0.1226 1.270 15.AA
8 1.16A0 1 .135A 0.0285 1 • 26 A 16.09
9 1.0830 1.21A0 -0.1310 1.390 16.5A
10 1.3630 1.1713 0.1916 1.336 15.6A
11 1.1650 1.1035 0.061A 1.175 17.6A
12 1.2800 1 .1207 0.1592 1.219 16.99
13 1.0230 1.1107 -0.0877 1. 177 18.12
1A 1.5020 1 .1130 0.3889 1. 18A 17.98
15 0.9010 1.1058 -0.20A8 1. 190 17.1A
16 1.0790 1.12AA -O.OA5A 1.230 16.78
17 0.9600 1.11A6 -0.15A6 1. 190 17.83
18 1.0360 1.1017 -0.0657 1. 172 17.6A
19 0.9270 1.0983 -0.1713 1. 156 18.10
20 0.9690 1.1188 -0.1A98 1.222 16.70
21 1.1990 1.078A 0.1205 1.110 18.63
22 1.2630 1.0968 0.1661 1. 123 19.A9
23 1.05A0 1.1108 -0.0568 1. 150 19.36
2A 0.9670 1.1123 -0.1A53 1. 167 18.70
25 1.0310 1.1395 -0.1085 1.2AA 17.33
26 0.8830 1.1A96 -0.2666 1.290 16.03
27 0.9330 1.1297 -0.1967 1.198 18.66
28 0.9690 1.1001 -0.1311 1.127 19.57
0.00A7 0.8217
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TABLE XLV11
REGRESSIONAL CORRELATION
POL OF THE EXTRACTED JUICE AS ONE VARIABLE
RUN FIBER/POL FIBER/POL DEVIATION 1/PURITY POL
NO
^obs s Ycal X1 X2
1 1.3060 1.0788 0.2271 1.207 12.67
2 1.3190 1.2165 0.102A 1.A16 10.57
3 1.1690 1.1A69 0.0220 1.286 12.62
A 1.AAA0 1.1A71 0.2968 1.223 15.19
5 1.A200 1.1328 0.2871 1.201 15.A2
6 1.1030 1.113A -0.010A 1.232 13.26
7 1.0080 1.1230 -0.1150 1.270 12.16
8 1.16A0 1.1300 0.0339 1.26A 12.73
9 1.0830 1.222A -0.139A 1. 390 11.90
10 1.3630 1.1699 0.1930 1.336 11.66
11 1.1650 1.1012 0.0637 1. 175 15.01
12 1.2800 1.1165 0.163A 1.219 13.93
13 1.0230 1.1112 -0.0882 1. 177 15.39
1A 1.5020 1 .1128 0.3891 1. 18A 15.18
15 0.9010 1 .101A -0.200A 1.190 1A.A1
16 1.0790 1.1201 -0.0-All 1.230 13.65
17 0.9600 1 .1139 -0.1539 1. 190 1A.99
18 1.0360 1 .0995 -0.0635 1. 172 15.05
19 0.9270 1.0986 -0.1716 1. 156 15.66
20 0.9690 1.1133 -0.1AA3 1.222 13.66
21 1.1990 1.08A6 . 0.11A3 1.110 16.88
22 1.2630 1.1063 0.1566 1.123 17.36
23 1•05AO 1.1188 -0.06A8 1. 150 16.6A
2A 0.9670 1.1119 -0.1AA9 1. 167 15.83
25 1.0310 1.1383 -0.1073 1.2AA 13.93
26 0.8830 1.1A63 -0.2633 1.290 12.A3
27 0.9330 1.133A -0.200A 1. 196 15.57
28 0.9690 1.1098 -0.1A08 1. 127 17.36
0.00A5 -0.8179
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TABLE XLVI I I
MULTIPLE REGRESSION CORRELATION
RUN FIBER IN FIBER IN DEVIATION EXTRACTION PURITY POL IN
NO CANE CANE JUICE CANE
Yobs
Y
cal X1
•
x 2 X 3
1 14.28 13.332 0.947 63.18 77.65 9.78
2 12.35 12.851 -0.501 67.74 73.32 10.71
3 12.79' 13.306 -0.516 64.28 76.24 10.17
4 12.96 13.329 -0.369 63.41 76.11 9.58
5 13.82 13.286 0.533 64.51 76.94 10.44
6 13.18 12.546 0.633 66 . 66 78.51 10.30
7 13.63 13.359 0.270 62.50 76.02 8.99
8 13.48 13.329 0. 150 63.33 78.17 10.00
9 10.89 11.715 -0.825 70.27 78.68 10.63
10 11.86 13.555 -1.695 62.07 77.90 9.66
11 11.87 12.723 -0.853 65.79 77.27 9.88
12 12.68 12.301 0.378 66.66 78. 10 9.53
13 11.38 11.873 -0.493 68.75 70.00 7.96
14 13.02 12.769 0.250 65.22 71.85 8.34
15 12.74 11.644 1.095 69.44 71.76 8.23
16 12.76 12.357 0.402 66.66 70.08 7.82
17 14.31 12.705 1 .604 64.86 71.74 7.88
18 13.29 11.478 1.811 69.76 72.87 8.26
19 11 .09 11.693 -0.603 69.23 70.45 7.91
20 11.53 11.466 0.063 70.00 69.69 7.66
21 12.68 11.838 0.841 68.18 71.78 7.87
22 10.37 11.783 -1.413 68.42 73.50 8.29
23 11.75 11.924 -0.174 68.18 74.68 8.78
24 . 12.87 11.646 1.223 69.23 75.87 9.04
25 10.00 11.523 -1.523 70.59 67.85 7.81
26 11.65 11.178 0.471 70.96 78.90 9.69
27 12.06 11.340 0.719 70.59 76.99 9.43
28 11.49 11.405 0.084 70.37 77.33 9.53
29 10.64 11.214 -0.574 71.43 76.81 9.64
30 11 .35 11.701 -0.351 70.00 73.49 9.19
31 10.77 11.309 -0.539 69.23 74.75 7.85
32 11.94 11.357 0.582 70.00 76.63 8.97
33 11.61 11.503 0. 106 69.69 74.21 8.59
34 10.93 11.174 -0.244 70.96 74,86 8.74
35 9.55 11.426 -1.876 70.00 74.60 8.69
36 11.03 10.728 0.301 72.73 74.45 8*68
37 10.64 11.686 -1.046 70.00 78. 18 ' 10.24
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TABLE XLVI 1 I
CONTINUED
RUN FIBER IN FIBER IN DEVIATION EXTRACTION PURITY POL IN
NO CANE CANE JUICE CANE
Yobs Ycal X1 X2 x3
38 11.14 11.886 -0.746 70.27 80.79 11.59
39 12.42 11.594 0.825 70.45 80.86 10.93
40 12.83 12.350 0.479 67.57 81.09 11.01
41 13.34 12.621 0.718 65.91 81.73 10.72
42 12.22 11.942 0.277 68.57 80.49 10.46
43 12.56 11.855 0.704 68.96 80.45 10.49
44 11.86 11.186 -" 0.673 72.22 81.29 11.17
45 12.93 11.719 1.210 70.21 82.48 11.48
46 12.99 11.879 . 1.110 69.44 83.72 11.66
47 13.55 12.441 1. 108 66.66 78.98 10.12
48 12.73 11.828 0.901 69.44 81.36 10.97
49 12.34 12.575 -0.235 66.66 74.20 9.38
50 12.08 11.283 0.796 71 .05 74.88 9.11
51 12.05 12.344 -0.294 67.86 74.07 9.57
52 11.67 11.525 0.144 70.59 72.69 8.94
53 11.34 11.574 -0.234 70.59 73.39 9.24
54 11.44 11.172 0.267 71.87 76.60 9.79
55 11.55 11.693 -0.143 70.00 72.89 9.03
56 12.00 11.470 0.529 70.37 76.99 9.63
57 12.37 11.270 1 .099 70.59 75.37 8.86
58 10.98 11.281 -0.301 70.97 75.36 9.16
59 11.78 11.210 0.569 70.97 76.68 9.27
60 12.97 11.457 1.512 69.69 78.29 9.41
61 10.99 11.580 -0.590 70. 37 80.28 10.70
62 9.45 10.599 -1.149 74.28 79.95 10.71
63 9.90 10.490 -0.590 73.68 78.31 9.60
64 10.47 11.205 -0.735 71.87 71.82 8.77
65 11. 30 11.799 -0.499 68.75 82. 16 10.58
66 8.91 10.319 -1.409 75.00 80.49 10.58
67 10.29 10.770 -0.480 73.91 78.53 10.59
68 14.05 12.247 1.802 66.66 83.78 10.70
69 10.46 10.938 -0.478 73.08 80.82 10.99
70 10.35 10.631 -0.281 73.08 78.61 9.63
71 10.24 12.719 -2.479 63.88 83. 12 9.86
72 9.88 12.830 -2.950 63.88 83.57 10.27
47.8 50
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TABLE XL I X
MULTIPLE REGRESSION CORRELATION
RUN POL IN POL IN d eviation EXTRACTION FIBER IN PURITY
NO CANE CANE CANE JUICE
Yobs Ycal X1 X2 x3
1 9.78 9.765 0.014 63.18 14.28 77.65
2 10.71 8.752 1.957 67.74 12.35 73.32
3 10.17 9.334 0.835 64.28 12.79 76.24
4 9.58 9.278 0.301 63.41 12.96 76. 11
5 10.44 9.612 0.827 64.51 13.82 76.94
6 10.30 10.029 0.270 66 .66 13. 18 78. 51
7 8.99 9.279 -0.289 62.50 13.63 76.02
8 10.00 9.820 0. 179 63.33 13.48 78. 17
9 10.63 10.019 0.610 70.27 10.89 78.68
10 9.66 9.540 0.119 62.07 11.86 77.90
11 9.88 9.564 0.315 65.79 11.87 77.27
12 9.53 9.883 -0.353 66.66 12.68 78.10
13 7.96 7.908 0.051 68.75 11.38 70.00
14 ■ 8.34 8.345 -0.005 65.22 13.02 71.85
15 8.23 8.494 -0.264 69.44 12.74 71 . 76
16 7.82 7.962 -0.142 66.66 12.76 70.08
17 7.88 8.426 -0.546 64.86 14.31 71.74
18 8.26 8.829 -0.569 69.76 13. 29 72.87
19 7.91 8.011 -0.101 69.23 11.09 70.45
20 7.66 7.906 -0.246 70.00 11.53 69.69
21 7.87 8.434 -0.564 68.18 12.68 71.78
22 8.29 8.637 -0.347 ' 68.42 10. 37 73.50
23 8.78 9.042 -0.262 68. 18 11.75 74.68
24 9.04 9.485 -0•445 69.23 12.87 75.87
25 7.81 7.344 0.465 70.59 10.00 67.85
26 9.69 10.178 -0.488 70.96 11.65 78.90
27 9.43 9.740 -0.310 70.59 12.06 76.99
28 9.53 9.757 -0.227 70.37 11.49 77.33
29 9.64 9.600 0.039 71.43 10.64 76.81
30 9.19 8.803 0.386 70.00 11.35 73.49
31 7.85 9.014 -1.164 69.23 10.77 74.75
32 8.97 9.615 -0.645 70.00 11.94 76.63
33 8.59 8.986 -0.396 69.69 11.61 74.21
34 8.74 9.137 -0.397 70.96 10.93 74.86
35 8.69 8.896 -0.206 70.00 09.55 74.60
36 8.68 9.131 -0.451 72.73 11.03 74.45
37 10.24 9.862 0.377 70.00 10.64 78. 18
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TABLE XL I X
CONTINUED
RUN POL IN POL IN DEVIATION EXTRACTION FIBER IN PURITY
NO CANE CANE CANE JUICE
w Ycal X1 x2 X3
38 11.59 10.551 1.038 70.27 11.14 80.79
39 10.93 10.699 0.230 70.45 12.42 80*86
40 11.01 10.659 0.350 •67.57 12.83 81.09
41 10.72 • 10.784 -0.064 65.91 13.34 81.73
42 10.46 10.503 -0.043 68.57 12.22 80.49
43 10.49 10.544 -0.054 68.96 12.56 80.45
44 11.17 10.832 0.337 72.22 .11.86 81.29
45 11.48 11.127 0.352 70.21 12.93 82.48
46 11.66 11.394 0.265 69.44 12.99 83.72
47 10.12 10.178 -0.058 66.66 13.55 78.98
48 10.97 10.802 0.167 69.44 12.73 81. 36
49 9.38 8.912 0.467 66.66 12. 34 74.20
50 9.11 9.257 -0.147 71.05 12.08 74.88
51 9.57 8.909 0.660 67.86 12.05 74. 07
52 8.94 8.669 0.270 70.59 11.67 72.69
53 9.24 8.805 0.434 70.59 11. 34 73.39
54 9.79 9.647 0. 142 71 .87 11.44 76.60
55 9.03 8.678 0.351 70,00 11.55 72.89
56 9.63 9.724 -0.094 70.37 12.00 76.99
57 8.86 9. 381 -0.521 7 0.59 12. 37 75. 3 7
58 9. 16 9.262 -0.102 70.97 10. 98 75.36
59 9.27 9.657 -0.387 70.97 11.78 76.68
60 9.41 10.098 -0.688 69.69 12.97 78.29
61 10.70 10.418 0.281 70.37 10.99 80.28
62 10.71 10.374 0.335 74.28 09.45 79.95
63 9.60 • 9.995 -0.395 73.68 09.90 78. 31
64 8.77 8.404 0.365 71.87 10.47 71 .82
65 10.58 10.824 -0.244 68.75 1 1. 30 82.16
66 10.58 10.486 0.093 75.00 08.91 80.49
67 10.59 10.096 0.493 73.91 10.29 78.53
68 10.70 11.380 -0.680 66 . 66 14.05 83.78
69 10.99 10.624 0.365 73.08 1 0. 46 80.82
70 9.63 10.082 -0.452 73.08 10.35 78.61
71 9.86 10.724 -0.864 63.88 10.24 83.12
72 10.27 10.798 -0.528 63.88 09.88 83.57
.04 94.850
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TABLE L
MULTIPLE REGRESSION CORRELATION
RUN FIBER/ FIBER/ DEVIATION 1/PURITY BRIX POL IN
NO POL POL JUICE JUICE
Yobs Ycal X1 x2 X3
1 1.460 1.2142 .2457 1.288 15.62 12 13
2 1.153 1.3314 -.1784 1.364 17.02 12 48
3 1.257 1.2541 • 0028 1.312 15.66 11 94
A 1.353 1.2582 .0947 1.314 15.49 11 79
5 1.324 1.2309 .0930 1.299 15.79 12 15
6 1.279 1.1899 .0890 1.274 15.96 12 53
7 1.516 1.2646 .2513 1.315 14.64 11 13
8 1.348 1.1997 .1482 1.279 15.44 12 07
. 9 1.024 1.1860 -.1620 1.271 15.67 12 33
10 1.228 1.2101 .0178 1.284 15.07 11 74
11 1.201 1.2256 -.0246 1.294 15.27 11 80
12 1. 330 1.2028 . 1271 1.280 15.07 11 77
13 1.429 1.4766 -.0476 1.428 13.77 9 64
14 1.561 1.4070 .1539 1.392 14.07 10 11
15 1.548 1.4107 .1372 1.393 13.74 9 85
16 1.632 1.4783 . 1536 1.427 13.47 9 44
17 1.816 1.4100 .4059 1.393 13.87 9 95
18 1.609 1.3739 .2350 1.372 13.64 9 94
19 1.402 1.4636 -.0616 1.419 13.40 . 9 44
20 1.505 1.4966 .0083 1.435 13.20 9 20
21 1.611 ■ 1.4140 . 1969 1.393 13.50 9 69
22 1.251 1.3512 -.1002 1.360 13.70 10 07
23 1.338 1.3106 .0273 1.339 14. 10 10 53
24 1.424 1.2721 .1518 1.318 14.30 10 85
25 1.280 1.5718 -.2918 1.474 13.19 8 95
26 1.202 1.1822 .0197 1.267 14.79 11 67
27 1.279 1.2371 .0418 1.299 14.69 11 31
28 1.206 1.2266 -.0206 1.293 14.69 11 36
29 1.104 1.2433 -.1393 1.302 14.49 11 13
30 1.235 . 1.3447 -.1097 1.361 14.79 10 87
31 1 * 372 1.3112 .0607 1.338 13.78 10 30
32 1 .331 1.2507 .0802 1.305 14.08 10 79
33 1.351 1.3262 .0247 1. 347 13.88 10 30
34 1.250 1.2935 -.0435 1.336 14.08 10 40
35 1.099 1.3144 -.2154 1.340 13.78 10 28
36 1.271 1.3214 -.0504 1.343 13.58 10 11
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TABLE L
CONTINUED
RUN FIBER/ FIBER/ DEVIATION 1/PURITY BRIX POL IN
NO POL POL JUICE JUICE
Xobs Ycal X1 x2 X3
37 1.039 1.1996 -.1606 1.279 15.49 12.11
38 0.961 1.1322 -.1712 1.238 16.19 13.08
39 1.335 1.1308 .2041 1.237 16.09 13.01
40 1.165 1.1239 .0410 1.233 16.29 13.21
41 1.244 1.1084 .1355 1.223 16.09 13.15
42 1.168 1.1390 .0289 1.242 15.69 12.63
43 1.197 1.1408 .0561 1.243 15.76 12.68
44 1.062 1.1190 -.0570 1.230 16 . 46 13.38
45 1.126 1.0915 .0344 1.212 16.90 13.94
46 1.114 1.0653 .0486 1.194 17.20 14.40
47 1.339 1.1773 .1616 1.266 15.80 12.48
48 1.160 1.1179 .0420 1.229 16.20 13.18
49 1.315 1.3510 -.0360 1.348 15.00 11.49
50 1.326 1.2864 .0395 1.335 14.47 10.67
51 1.259 1.3100 -.0510 1.350 14.50 10.54
52 1.305 1.3890 -.0840 1.376 14.77 10.94
53 1 .227 1.3677 -.1407 1.362 14. 37 10.76
54 1. 168 1.2161 -.0481 1. 305 14.77 10.96
55 1.279 1.3657 -.0867 1.372 14.61 10.65
56 1.246 1.2360 .0099 1.299 14.91 11.48
57 1.396 1.2876 .1083 1. 326 14.01 10.56
58 1.199 1.2873 -.0883 1. 327 14.41 10.86
59 1. 271 1.2470 .0239 1. 304 14.41 11.05
60 .1.378 1.2001 . 1778 1.277 14.51 11.36
61 1.027 1. 1445 -.1175 1 .245 15.21 12.21
62 0. 882 1.1555 -.2735 1.251 15.01 12.00
63 1.031 1.2020 -.1710 1.277 14.11 11.05
64 1 . 194 1.4081 -.2141 1.392 13.91 9.99
65 1.068 1. 1004 -.0324 1.217 14.91 12.25
66 0.842 1.1410 -.2990 1.242 14.71 11.84
67 0.971 1. 1885 -.2175 1.273 15.74 12.36
68 1.313 1.0629 . 2500 1. 193 16.09 13.48
69 0.952 1.1241 -.1721 1.237 15.69 12.60
70 1.075 1.1917 -.1167 1.272 14.54 11.43
71 1.038 1.0760 -.0380 1.202 15.94 13.25
72 0.962 1.0699 -.1079 1.197 16. 19 13.53
73 0.004 9.0951
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From the foregoing discussions, it is observed that there 
is a very good correlation between the ratio (Fiber/Pol)
C cLlIw
and three independent variates (purity, Brix, and pol) of the 
extracted juice from the sample. The equation:
Y = -1.882 + 2.459Xi - 0.0712X2 + 0.0858X3
(where Xi = l/Purity, X 2 = Brix(juice), X3 = Pol(juice)) 
gives the estimation of the quality of the cane. This indi­
cates that by knowing the Brix and the per cent pol of the
extracted juice the ratio, (Fiber/Pol)cane, can be calculated. 
This ratio is an index to the measure of quality of the sample
drawn from the individual consignment.
It is found, from Table L, that the sum of squared devia­
tions is the same for the observed and the calculated values. 
This indicates that the equation is quite valid within the 
range of the variability of the observed data.
Further, it is observed from the foregoing discussions 
that the per cent fiber or pol in cane can be calculated 
from the equation. For example, the per cent pol in cane can 
be calculated from the equation:
Y = -13.24 + 0.0469Xi + 0.096X2 + 0.240X3
(where Xi = Extraction, X2 = Fiber,
and X3 = Purity of the extracted juice) 
by knowing the purity of the extracted juice and the per cent
extraction of juice from the sample.
In any cane sample, if the Brix, pol, and the per cent 
extraction of the juice are known, the fiber and the pol 
content of the cane sample can be calculated from these two 
equations with a 957» confidence level.
CHAPTER X
CONCLUSIONS
From the previous discussions, it can be concluded that 
the snail hand sanples (i.e., 6-stalk and 10-stalk) are 
neither representative nor unbiased and failed to compete 
with the rest of the methods in giving the characteristic 
qualities of the commercial bundle of sugar cane.
Comparing the remaining methods (i.e., quadrant, single 
mechanical grab, and composite-mechanical grab), though the 
quadrant sample gave a better approach to the true mean 
value in the case of the normal juice purity, the composite- 
mechanical grab gave better results in the case of per cent 
pol in cane and per cent fiber in cane. The mechanical grab 
sample has one major advantage over the quadrant sample;
i.e., it is unbiased. Due to the bias of the quadrant 
sample at the time of withdrawing the cane stalks from the 
bundle, some of the extraneous matter was left and, as a 
result, partially cleaned cane was crushed on the Farrel 
Mill. The net results were an increase of pol and purity 
of juice and low estimation of fiber content of the con­
signment. Near perfect agreement between sample results
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and mill results is not essential; a consistent and predictable 
relationship (within limits) of the sample and mill result is 
essential, however.
Considering the different methods of processing the 
sample, it was found that the Farrel Mill processing gave 
best results as to reproducibility in the estimation of the 
quality of cane sample.
Comparing the core-sample and the composite mechanical 
grab sample, it was found that the core-sample withdrawn 
from near the two chains gave a more representative sample 
and, consequently, a better estimation of the quality of 
the sample than that obtained from the composite mechanical 
grab sample.
From the analysis of the correlation coefficient, it was 
found that the ratio ( F i b e r / P o l ) i s  a good index for the
C H lIG
measurement of the quality of the sample. The two equations 
are quite reliable for the estimation of the quality of the 
individual consignment within the range of variability of 
the sample.
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A P P E N D I X
APPENDIX I
Absolute Fiber 
Added Water
Bagasse
Brix
Fiber
Juice
Diluted Juice or 
Mixed Juice
Normal Juice
Residual Juice 
Java Ratio
Polarization
TERMINOLOGY
= The fiber when determined as fiber.
= The quantity of water used in the im­
bibition process. It is expressed 
generally as per unit cane or per unit 
fiber.
The residue of the crushed cane delivered 
from the mill.
Total soluble solids content of the 
solution (Cane Juice).
= The water insoluble matter in the cane 
or all the cellulose and hemicellulose 
matter in cane.
The water and the dissolved matter in 
cane.
= The juice delivered by the milling
plant to the boiling house.
The juice expressed by the mills or 
retained in the bagasse corrected for 
imbibition water,
= The juice left in the bagasse: bagasse
minus fiber.
It is the relationship between pol in 
the first expressed juice and the pol 
in cane.
= The scale reading obtained under or
reduced to certain conditions in a 
polarimeter specially designed for 
sugar analysis.
Pol Apparent Sucrose
159
Purity = Ratio of Apparent Sucrose to total
solids times 100.
Statistical Analysis 
Standard Deviation - is a measure of the spread or variability 
of the individual measurements around the mean value of 
all individual measurements of the variable.
Standard error of the difference - is the measure of the dis­
persion of the mean difference within certain limits. In 
other words, the standard deviation measures the disper­
sion of the population and standard error (a//N) measures 
the dispersion of the mean of the population.
Confidence Limit - for a given parameter is a range of values 
that, on the basis of a given sample, has a specified 
probability of including the true value. The probability 
associated with any confidence limit is called the "con­
fidence coefficient" for the interval. If the confidence 
limit does not include zero, it may be said with appro­
priate degree of confidence that a real difference exists 
between the true value and the observed value.
Paired Comparison - when two processes are being compared, it 
is desirable to keep all conditions con.tant; e.g., to 
use the same raw materials for both, so that the difference 
between the results is due only to the difference between 
the process.
Variance - is the square of the standard deviation, a8. It 
is equal to the mean-squared deviation of the variable 
from its mean 2(x-x) /n. From a mathematical standpoint 
the variance is the basic measure of distribution.
The F Test for Variance - provides a method for determining 
whether the ratio of the two variances is larger than 
might be expected by chance if they had been drawn from 
the same population.
Correlation Coefficient - is a measure of the amount of rela­
tion between variables. The sign of the correlation 
coefficient is a measure of the nature of the dependence 
of the variables.
APPENDIX II
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season
t
DATE MILL
FARREL MILL WARING BLENDER
Mechanical
Grab
Sl-«ST
Quadrant
32-stalk
S2 - 5 7
Random
6-stalk
S-5-5T
Mechanical
Grab
S4 - 5 7
Quadrant
32-stalk
S5 -5T
Oct. 31 9.56 10.68 10.55 10.73 10.37 10.02
Nov. 1 10.87 - 11.33 11.75 14.84 11.11 11.94
4 11.14 11.48 11.88 10.05 12.41 11.64
5 11.77 11.21 10.31 11.16 11.98 11.07
7 10.73 9.90 11.11 11.78 10.36 11.20
7 11.78 11.75 11.02 11.05 10.77 10.83
12 12.22 11.14 11.28 15.80 12.00 11.68
14 9.67 10.58 10.39 9.11 8.79 10.29
14 11.96 12.14 11.79 11.23 10.89 11.59
19 10.25 10.70 10.46 10.18 10.35 9.99
19 9.37 10.31 12.23 10.66 8.92 9.44
21 9.82 9.82 10.04 10.63 10.85 9.97
21 10.43 12.06 11.87 12.17 11.17 12.66
25 9.16 11.64 11.45 12.10 11.11 11.57
26 10i 22 12.21 12.18 13.26 10.41 11.98
26 9.57 11.24 11.84 12.17 11.72 12.08
Dec. 2 9.45 8.44 10.60 10.91 8.64 10.21
3 8.97 8.71 9.22 10.93 9.31 10.29
3 9.08 10.14 10.42 10.16 10.60 10.28
5 9.47 10.68 9.83 8.64 10.11 9.97
5 10.21 11.13 11.15 11.11 10.76 10.99
(Continued on next page)
APPENDIX II
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season 
(Continued)
DATE MILL
FARRELMILL WARING BLENDER
Mechanical
Grab
Sl-5T
Quadrant
32-stalk
S 2-5-7
Random
6-stalk
S-s-57
Mechanical 
Grab 
S 4-57
Quadrant
32-stalk
S5 - 5 7
Dec. 6 10.59 10.95 11.88 12.50 11.30 11.75
9 10.86 11.77 11.95 11.19 11.90 12.01
10 10.85 12.97 12.90 10.93 10.55 11.96
12 10.68 12.43 11.25 11.04 12.15 11.87
13 10.97 11.49 12.31 11.72 11.55 12.57
16 11.00 12.42 12.28 12.02 11.31 12.29
17 10.82 13.62 11.50 11.60 11.29 11.59
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APPENDIX II
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season
DATE MILL
FARREL MILL WARING BLENDER
Mechanical
Grab
S i - s t
Quadrant
32-stalk
S2 - 5 7
Random
6 -stalk
S3 - 5 7
Mechanical 
Grab 
_ S4 -5 T _
Quadrant
32-stalk
Ss-5 T
Oct. 31 12.71 12.18 12.41 16.01 12.73 13.63
Nov. 1 12.71 13.15 12.67 15.86 14.33 12.30
4 13.37 13.83 13.14 14.27 1 2 . 0 0 13.33
5 13.14 14.28 14.74 16.43 11.70 17.30
7 13.19 13.81 14.21 15.78 11.96 15.25
7 12.72 13.91 12.72 14.37 13.67 12.67
1 2 13.37 12.04 13.45 12.36 12.67 13.33
14 12.90 12.40 12.53 11.98 17.33 1 2 . 6 6
18 13.56 12.46 10.82 1 2 . 0 2 12.67 14.00
19 12.47 11.81 11.73 9.90 12.40 11.47
2 1 14.39 16.58 13.32 16.71 14.73 14.20
2 1 12.70 12.36 1 2 . 1 2 9.99 11.40 11.67
25 13.78 13.85 13.15 10.90 1 1 . 0 0 10.67
26 12.46 13.17 13.47 17.08 11.43 13.57
26 15.70 14.94 11.99 11.65 1 2 . 0 0 12.33
Dec. 2 13.92 14.17 12.56 17.22 12,33 13.33
3 13.82 16.90 16.83 19.12 13.83 13.90
3 11.67 12.70 11.80 13.30 1 1 . 0 0 11.67
5 14.28 13.61 13.76 16.81 13.36 1 2 . 8 6
5 13.30 13.45 12.52 13.50 13.33 12.33
(Continued on next page)
APPENDIX II
PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season 
(Continued) I
DATE MILL
FARREL MILL WARING BLENDER
Mechanical
Grab
Sl-57
Quadrant
32-stalk
S2 -5 T
Random 
6-stalk 
S3 - 5 7
Mechanical
Grab
S4 -5.T.
Quadrant
32-stalk
Ss-bt
Dec. 6 12.99 14.89 14.51 17.01 12.80 12.83
9 14.20 15.90 14.60 16.47 12.00 11.67
10 12.80 15.22 14.33 19.04 12.56 12.33
12 13.56 12.66 14.33 15.10 12.60 12.83
13 13.59 13.63 13.50 16.02 12.67 12.00
16 12.82 13.16 13.73 17.17 12.67 12.33
17 13.36 14.77 13.80 10.67 12.23 14.16
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PER CENT PURITY IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season
DATE MILL
FARREL MILL WARING BLENDER
Mechanical
Grab
Sl-5T
Quadrant
32-stalk
S s -s t
Random
6-stalk
s3-57
Mechanical 
Grab 
S*-5T _
Quadrant
32-stalk
S_5-5T
Oct. 31 73.03 77.55 83.84 78.36 67.38 75.17
Nov. 1 80.86 81.00 82.09 78.55 71.12 76.93
4 81.60 80.04 81.63 83.59 82.73 81.62
5 77.76 84.53 77.06 90.58 79.95 77.41
7 75.69 79.03 83.28 83.96 69.71 77.19
7 76.31 82.32 78.30 78.04 77.76 83.18
12 81.50 81.83 82.48 84.03 80.92 82.25
14 75.26 83.50 79.01 78.25 70.60 70.52
14 77.80 83.49 81.24 83.08 79.25 79.37
18 77.35 79.73 83.94 81.13 72.12 70.55
19 72.74 74.67 79.69 75.24 78.79 81.87
21 75.64 76.17 75.12 78.90 76.40 74.51
21 76.54 85.70 81.51 81.50 84.81 85.59
25 73.8L 83.57 79.12 81.35 80.91 82.76
26 75.91 87.98 87.46 86.66 79.16 78.53
26 77.03 87.07 81.64 71.15 81.44 85.79
Dec. 2 73.88 71.36 79.19 75.45 76.93 81.87
3 72.75 73.87 74.90 79.50 71.99 78.31
3 73.26 78.08 77.73 79.01 82.42 86.02
5 73.52 82.03 78.60 81.99 76.13 74.18
5 75.36 79.27 80.69 80.15 87.62 87.22
(Continued on next page)
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PER CENT PURITY IN CANE BY METHOD OF SAMPLING AND PROCESSING
1957-58 Season 
(Continued)
DATE MILL
FARREL MILL WARING BLENDER
Mechanical
Grab
Sl-5T
Quadrant
32-stalk
S 2 -5T
Random 
6-stalk
S3_5T
Mechanical
Grab
S*-57>
Quadrant
32-stalk
SS-5T
Dec. 6 77.09 79.58 82.22 81.15 80.60 82.57
9 76.83 75.52 80.70 80.37 81.06 78.55
10 80.08 79.92 80.39 80.35 75.73 80.59
12 79.28 83.00 81.69 82.58 77.63 80.80
13 77.57 79.63 83.06 81.63 82.85 87.11
16 82.23 82.50 83.44 82.16 82.13 78.73
17 77.52 81.85 80.50 79.51 84.63 78.73
166
APPENDIX II
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
1958-59 Season
 ___________ FARREL MILL_________ ’  WARING BLENDER
Small Single Composite Single Composite
DATE MILL Hand Mechanical Mechanical Mechanical Mechanical
Sample Grab Sample Grab Sample Grab Sample Grab Sample
___________________!_______ S.7.-5S________ Se-5.B_______ :__S^-aa_______ s lQ.-.aa________ s3.3.-=5a_
Oct. 18 10.95 10.67 10.83 10.17 8.28 9.40
23 9.95 8.98 8.95 9.08 9.34 8.35
24 9.41 11.08 9.98 10.71 10.32 10.53
28 11.41 12.47 12.04 11.73 10.97 11.20
29 11.28 12.13 10.87 12.15 11.45 12.42
31 9.91 11.99 10.49 10.99 10.43 10.08
Nov. 4 10.04 11.87 11.58 10.86 11.25 11.10
5 10.87 11.16 11.20 10.70 11.19 10.88
6 9.98 10.98 9.49 10.07 8.45 8.66
7 8.39 11.19 10.48 9.56 9.23 9.75
11 11.71 13.61 12.23 12.19 12.53 vll.97
12.1512 12.04 10.34 12.78 11.12 12.19
13 12.52 13.22 12.10 12.80 10.97 11.43
14 12.10 13.12 13.07 12.65 11.23 11.92
18 11.79 12.37 12.06 12.23 9.87 11.47
19 11.71 12.69 11.58 11.12 10.73 11.56
20 11.39 12.73 11.87 12.53 10.36 10.76
21 10.81 12.19 11.76 12.33 10.76 11.13
25 13.40 12.71 12.92 12.93 12.53 11.30
(Continued on next page)
APPENDIX II
PER CENT POL IN CANE BY METHOD OF SAMPLING AND PROCESSING
1958-59 Season
FARREL MILL WARING BLENDER
DATE MILL
Small
Hand
Single
Mechanical
Composite
Mechanical
Single
Mechanical
Composite
Mechanical
Sample Grab Sample Grab Sample Grab Sample Grab Sample
S T - 5 8 ____________S S - 5 8_________ S » - 5 R_______ S lfl-58____________S.lls5ft
Nov. 26 12.36 12.84 12.71 11.56 12.91 11.82
Dec. 2 13.04 14.64 14.18 13.37 13.20 12.73
3 12.48 14.15 13.38 13.51 13.16 13.15
4 13.14 14.09 13.93 13.97 13.02 13.23
5 12.77 13.42 13.78 13.26 13.02 13.12
9 11.54 11.63 11.50 11.77 12.15 12.12
10 10.88 11.34 11.82 10.92 11.47 11.19
11 13.46 13.97 12.97 13.10 13.02 12.91
12 13.81 12.20 13.55 14.08 13.43 13.41
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PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
1958-59 Season
_____________ FARREL MILL_____________  WARING BLENDER
Small Single Composite Single Composite -
DATE MILL Hand Mechanical Mechanical Mechanical Mechanical
Sample Grab Sample Grab Sample Grab Sample Grab Sample 
__________________________S.7-J5s_________ Se-ss_________ Sa-.ga_______ sio—s«________s iL-.se___
Oct. 22 14.38 13.60 12.53 13.28 13.17 11.95
23 12.20 12.98 11.73 11.98 12.00 13.23
24 13.47 10.39 12.69 12.52 12.83 13.27
28 17.54 14.77 16.08 16.94 15.00 14.07
29 17.81 15.47 16.15 17.26 13.50 15.07
31 13.72 11.71 11.24 12.12 11.87 11.50
Nov. 4 13.89 11.82 11.59 10.95 12.20 11.90
5 14.31 11.85 12.47 12.46 12.57 12.87
6 13.53 12.88 10.93 11.59 12.00 10.83
7 13.59 12.26 12.01 13.03 12.67 12.50
11 13.97 13.80 13.41 14.21 12.73 12.67
12 14.07 12.01 14.43 14.24 12.16 12.33
13 14.60 11.16 13.26 13.10 11.33 12.33
14 14.88 13.25 14.76 12.84 11.87 12.40
18 13.67 10.57 11.39 11.02 10.50 11.33
19 13.13 11.78 10.40 12.00 11.33 12.33
20 10.93 11.32 10.89 12.03 11.83 12.00
2i 14.79 11.36 11.99 12.78 11.66 12.17
25 13.38 12.29 13.37 11.99 11.67 12.83
(Continued on next page)
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PER CENT FIBER IN CANE BY METHOD OF SAMPLING AND PROCESSING
 ^ 1958-59 Season
FARREL MILL WARING BLENDER
DATE MILL
Small
Hand
Single
Mechanical
Composite
Mechanical
Single
Mechanical
Composite
Mechanical
Sample Grab Sample Grab Sample Grab Sample Grab Sample
-s7_-sa__________ Sg-aa_________ Sg-_5s_______ Sin-.sa________ S.iitga
Nov. 26 13.57 12.25 11.29 11.20 10.53 11.83
Dec. 2 16.75 15.97 15.61 16.04 16.57 16.07
3 18.00 16.75 16.11 17.06 16.67 16.67
4 14.80 12.44 13.33 14.73 13.67 12.77
5 15.35 13.59 12.75 12.83 13.57 13.73
9 13.69 11.60 11.47 12.14 11.33 12.07
10 12.24 11.53 9.65 9.64 11.10 10.40
11 13.77 11.86 10.72 12.23 10.07 11.83
12 13.84 11.71 12.78 13.65 12.17 11.17
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\
PER CENT PURITY OF JUICE BY METHOD OF SAMPLING AND PROCESSING
1958-59 Season
DATE MILL
FARREL MILL WARING BLENDER
Small
Hand
Sample
St -58
Single 
Mechanical 
Grab Sample 
Sb -58
Composite 
Mechanical 
Grab Sample
S 9 —5B
Single 
Mechanical 
Grab Sample 
Sio-sa
Composite 
Mechanical 
Grab Sample
Sii-sa
Oct. 22 76.73 77.97 82.72 82.81 64.53 75.85
23 71.72 68.71 70.47 70.60 74.36 65.59
24 70.92 77.42 76.11 77.75 82.75 78.47
28 77.46 82.86 81.56 81.79 76.44 75.42
29 77.89 82.68 79.97 83.22 78.80 80.02
31 77.73 82.83 79.36 81.15 77.32 76.65
Nov. 4 78.61 82.06 81.00 78.75 79.50 79.40
5 76.08 81.66 81.10 79.12 83.91 81.13
6 71.82 76.60 71.72 71.95 68.59 65.11
7 70.97 77.90 77.19 74.85 70.03 78.66
11 81.62 84.61 83.65 85.09 80.66 81.32
12 81.16 80.72 84.32 81.99 77.69 77.73
13 81.67 86.29 82.80 84.93 78.75 81.24
14 81.78 84.79 85.53 84.42 79.47 83.67
18 81.05 83.56 84.71 84.07 70.09 76.26
19 80.77 83.59 82.34 81.34 76.59 78.80
20 78.55 83.73 90.36 84.07 75.67 78.14
21 78.38 82.57 80.05 85.32 73.54 76.60
25 84.35 83.25 84.00 86.52 79.81 72.81
(Continued on next page)
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PER CENT PURITY OF JUICE BY METHOD OF SAMPLING AND PROCESSING
1958-59 Season
DATE MILL
Small
Hand
Sample
St-58
Single 
Mechanic.il 
Grab Samp e 
Sa-sa
Composite 
Mechanical 
Grab Sample
S9 —58
Single 
Mechanical 
Grab Sample
S10—58
Composite 
Mechanical 
Grab Sample 
Sn-s8
Nov. 26 82.25 85.27 85.16 81.80 89.00 88.67
Dec. 2 84.19 88.89 88.91 90.61 83.12 79.96
3 82.36 87.63 87.96 89.07 83.08 84.94
4 84.21 87.64 86.98 86.95 84.05 88.97
5 83.44 85.93 86.18 85.65 82.61 83.51
9 79.02 80.91 79.79 80.38 81.76 83.87
10 78.70 77.88 80.03 77.54 79.98 80.73
11 82.91 86.76 83.30 83.44 83.09 82.59
12 84.42 86.18 85.95 88.71 82.24 82.88
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PER CENT POL IN CANE
SIX MECHANICAL GRAB SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
1 2 3 4 5 6 7 8 9 10
Sample Nov. 11 Nov. 13 Nov. 18 Nov. 20 Nov. 25 Dec. 2 Dec. 4 Dec. 9 Dec. 11 Dec. 16
1
2
3
4
5
6
9.91
10.41
11.09
12.58 
12.71
12.59
10.61
10.56 
9.06
10.77
12.57 
9.55
11.28
7.90
10.76
8.35
10.89
10.60
9.50
9.78
9.81
9.73
9.10
11.93
12.43
11.84
11.61
11.81
11.70
12.13
12.13
12.59
12.26
12.67
12.47
12.66
12.36
12.49
12.03
12.12
12.02
11.94
12.92
13.07 
13.75
13.07 
12.57 
13.31
11.98
12.21
12.27
12.63
12.47
12.72
12.53 
13.02 
12.92
13.53 
13.21 
13.10
Total 69.29 63.12 59.77 59.85 71.52 74.78 72.96 78.69 74.28 78.31
Average 11.55 10.52 9.96 9.98 11.92 12.46 12.16 13.12 12.38 13.05
Standard
Deviation 1.24 1.21 1.45 0.99 0.10 0.07 0.32 0.40 0.09 0.33
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PER CENT FIBER IN CANE
SIX MECHANICAL GRAB SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
1 2 3 4 5 6 7 8 9 10
Sample Nov. 11 Nov. 13 Nov. 18 Nov. 20 Nov. 25 Dec. 2 Dec. 4 Dec. 9 Dec. 11 Dec. 16
1
2
3
4
5
6
13.23
13.58
13.96
13.20
12.75
13.30
17.42
16.95
17.88
12.21
13.31
12.62
14.38
14.93
15.37
13.67
15.54
16.27
16.07
16.45
12.74
15.48
18.10
14.89
13.07
14.27
13.91
14.42
15.21
14.17
15.04
15.39
15.87
14.54
13.61
14.97
14.87
14.94
14.47
16.76
16.77 
16.22
14.58
15.30
13.30 
14.52 
13.60 
14.00
15.71
15.39
17.30
14.70
15.45
14.52
14.63 
13.62 
14.58 
13.33 
13.44 
12.89
Total 80.02 90.40 90.16 93.73 85.05 89.42 94.03 85.30 93.07 82.49
Average 13.24 15.07 15.03 15.62 14.18 14.90 15.67 14.22 15.51 13.75
Standard
Deviation 0.41 2.62 0.92 1.78 0.70 0.78 1.03 0.73 0.99 0.71
APPENDIX II
PER CENT PURITY OF JUICE
SIX MECHANICAL GRAB SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
Sample
1 2 3 4 5 6 7 8 9 10
Nov. 11 Nov. 13 Nov. 18 Nov. 20 Nov. 25 Dec. 2 Dec. 4 Dec. 9 Dec. 11 Dec. 16
1
2
3
4
5
6
75.98
77.47
79.65
84.62
83.06
84.42
83.91
77.36
71.62
74.77
81.69
71.86
79.41 
58.21 
76.88 
70.47
81.41 
82.80
76.58
76.67 
74.23
76.68 
74.45 
82.47
82.23 
82.59 
81.71 
79.35
78.23 
78.93
82.11
82.50
82.83
82.71
81.58
82.92
84.18
83.60
82.61 
84.06 
83.90 
92.52
82.76
83.66
84.66 
82.00 
81.44 
82.32
82.50
82.35
84.39
82.71
82.14
83.38
83.11
83.67
84.55
90.56
84.57 
84.80
Total 485.20 461.21 449.18 461.08 483.04 494.65 500.87 497.84 497.47 511.26
Average 80.87 76.87 74.86 76.85 80.51 82.44 83.48 82.97 82.91 85.21
Standard
Deviation 3.70 5.10 9.25 2.98 1.88 0.51 0.75 1.16 0.84 2.70
APPENDIX II
PER CENT POL IN CANE
SIX SMALL HAND SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
Sample
1 2 3 4 5 6 7
Nov. 10 Nov. 24 Dec. 1 Dec. 5 Dec. 8 Dec. 12 Dec. 15
1 10.24 10.48 13.00 11.66 11.84 13.52 12.94
2 11.61 11.12 12.64 12.34 12.29 13.53 13.46
3 9.93 12.76 11.17 12.67 13.06 14.22 13.19
4 9.68 12.61 11.60 11.33 12.24 13.35 13.39
5 10.39 12.06 12.82 13.16 11.26 12.91 14.28
6 8.78 13.00 13.24 12.89 12.45 15.05 13.52
Total 60.63 72.03 74.47 74.05 73.14 82.58 80.79
Average 10.10 12.00 12.41 12.34 12.19 13.76 13.46
tndard Deviation 0.93 1.00 0.83 0.72 0.60 0.76 0.45
APPENDIX II
PER CENT FIBER IN CANE
SIX SMALL HAND SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
Sample
1 2 3 4 5 6 7
Nov. 10 Nov. 24 Dec. 1 Dec. 5 Dec. 8 Dec. 12 Dec. 15
1 17.47 12.37 15.56 13.28 17.21 12.76 14.73
2 15.04 13.33 13.79 14.25 16.26 13.49 12.88
3 15.62 16.05 15.56 13.67 15.79 14.22 13.98
4 13.97 14.73 14.72 15.74 14.50 13.95 13.09
5 13.21 13.34 15.09 16.40 15.99 13.71 13.69
6 12.06 12.91 13.77 19.09 15.30 14.81 11.59
Total 87.37 82.73 88.49 92.43 95.05 82.94 79.96
Average 14.56 13.79 14.75 15.40 15.84 13.82 13.33
Standard Deviation 1.91 1.36 0.81 2.17 0.91 0.69 1.08
APPENDIX II
PER CENT PURITY OF JUICE
SIX SMALL HAND SAMPLES FROM TWO COMMERCIAL BUNDLES
1958-59 Season
Run
Sample
1 2 3 4 5 6 7
Nov. 10 Nov. 24 Dec. 1 Dec. 5 Dec. 8 Dec. 12 Dec. 15
1 75.59 ’ 81.00 80.12 84.74 75.25 82.41 84.84
2 77.66 79.50 78.33 84.96 74.91 82.94 85.12
3 75.19 81.67 84.96 84.59 83.87 83.27 85.34
4 73.21 80.32 74.91 84.54 79.84 83.05 85.35
5 74.99 78.44 82.94 85.83 77.04 82.06 84.77
6 74.62 80.70 85.12 83.93 79.77 85.25 84.98
Total 451.26 481.63 460.12 508.59 470.68 498.98 510.40
Average 75.21 80.27 76.69 84.76 78.45 83.16 85.07
mdard Deviation 1.45 1.15 3.00 0.62 3.40 1.12 0.24
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APPENDIX II
PER CENT POL IN CANE FOR SIX CORING POSITIONS
1958-59 Season
Mill ___________________ Coring Positions
Date Alia lysis 1-58 2-58 3-58 4-58 5-58 6-58
Nov. 7 8.39 10.58 10.74 10.29 9.99 9.98 9.28
11 11.71 13.10 12.96 11.55 11.84 11.82 10.14
12 12.04 12.04 11.62 11.58 11.93 11.98 11.75
13 12.52 12.39 13.03 12.82 12.23 12.86 13.23
19 11.71 11.70 11.74 11.85 11.76 12.30 11.09
20 11.39 12.23 12.37 12.48 12.67 12.61 11.65
21 10.81 12.32 12.20 12.38 12.44 11.59 12.60
25 13.40 13.67 13.98 12.45 12 .‘30 13.43 12.87
26 12.36 10.86 12.91 13.26 11.66 . 12.86 12.26
Dec. 2 13.04 14.08 14.29 13.76 13.20 14.34 13.66
3 12.48 13.71 13.08 12.30 13.36 13.92 14.29
4 13.40 12.56 14.15 • 14.62 14.62 14.33 13.51
5 12.77 12.94 13.45 14.39 11.93 13.83 13.88
9 11.54 11.85 11.93 10.07 11.71 11.74 11.99
10 10.88 11.79 11.96 12.08 11.76 11.69 12.27
11 13.46 13.93 13.37 13.50 13.33 12.85 13.54
12 13.81 13.22 13.96 12.82 14.76 14.76 13.95
APPENDIX II
PER CENT FIBER IN CANE FOR SIX CORING POSITIONS
1958-59 Season
Date
Mill
Analysis
Coring Positions
1-58 2-58 3-58 4-58 5-58 6-58
Nov. 7 13.59 13.14 12.29 11.52 12.44 13.00 13.50
11 13.97 14.87 14.57 11.18 12.96 15.08 12.56
12 14.07 15.28 14.95 15.27 14.25 13.08 13.59
13 14.60 11.40 12.65 12.94 14.51 13.16 13.78
19 13.13 9.76 8.85 10.82 10.77 10.37 9.38
20 10.93 14.65 12.65 12.46 13.87 12.07 13.37
21 14.79 13.51 12.23 11.52 10.93 12.67 10.74
25 13.38 14.28 12.04 13.47 12.51 12.20 10.77
26 13.57 12.21 12.95 12.76 10.34 11.25 11.01
Dec. 2 16.75 13.88 13.42 16.95 15.53 16.15 15.30
3 18.00 15.17 14.69 17.27 15.04 14.31 15.12
4 14.80 13.40 11.90 11.71 12.26 13.34 12.51
5 15.35 12.82 12.54 13.86 15.48 12.42 10.90
9 13.69 10.92 10.48 11.76 10.73 10.10 10.06
10 12.24 13.05 10.81 9.48 9.03 10.04 10.16
11 13.77 10.80 11.29 10.55 11.31 12.04 11.20
12 13.34 11.57 11.97 11.38 10.86 11.42 10.23
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PER CENT PURITY OF JUICE FOR SIX CORING POSITIONS
1958-59 Season
Date
Mill
Analysis
Coring Positions
1-58 2-58 3-58 4-58 5-58 6-58
Nov. 7 70.97 79.09 78.67 78.45 77.71 75.22 73.10
11 81.62 85.77 85.40 81.21 81.09 84.36 76.60
12 81.16 83.29 83.11 81.42 82.44 82.56 81.65
13 82.48 82.73 84.59 85.27 82.71 83.46 85.93
19 81.14 84.37 82.48 82.11 82.03 83.15 80.94
20 79.00 82.47 84.39 83.59 84.55 88.14 86.84
21 79.58 81.96 84.61 85.59 85.45 79.75 81.22
25 84.56 87.46 86.96 84.04 83.95 86.42 83.95
26 83.67 84.06 85.60 86.24 79.85 83.78 82.02
Dec. 2 84.53 85.73 88.41 85.20 85.52 85.33 86.01
3 83.49 84.84 84.63 81.91 85.59 85.77 85.87
4 86.16 82.53 86.28 87.85 88.35 89.32 85.67
5 85.00 83.33 85.29 85.78 81.83 85.42 85.03
9 80.06 80.45 80.68 74.86 79.92 80.15 80.44
10 79.86 80.03 79.63 80.78 78.50 77.04 80.92
11 85.63 85.13 84.23 83.42 84.49 83.66 84.68
12 85.16 84.78 86.39 83.37 88.34 85.78 84.39
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APPENDIX II
FOR THE DETERMINATION OF THE CONSISTANCY 
OF THE METHODS FOR THE PREPARATION OF 
CANE SAMPLES ( BY SPLIT CANE METHOD) 
POL IN CANE
1958-59 Season
Run Split Cane Portion Split Cane Portion
No. (1) (2)
FARREL MILL OPERATION WARING BLENDER OPERATION 
Sub-Samples Sub-Samples
(a) (b) (a) .(b)
1 8.85 8.89 10.02 9.05
2 8.74 8.73 7.58 7.72
3 8.96 8.97 9.07 8.96
4 8.78 . 8.95 9.22 9.44
5 8.72 8.66 8.38 8.11
6 9.52 9.34 9.23 9.32
7 8.61 8.50 8.19 8.38
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APPENDIX II
FOR THE DETERMINATION OF THE CONSISTANCY 
OF THE METHODS FOR THE PREPARATION OF 
CANE SAMPLES (BY SPLIT CANE METHOD) 
FIBER IN CANE
1958-59 Season
Run Split Cane Portion Split Cane Portion
No. (1) (2)
FARREL MILL OPERATION WARING BLENDER OPERATION 
Sub-Samples Sub-Samples
(a) (b) (a) (b)
1 13.37 13.30 13.90 13.10
2 13.60 13.78 15.70 14.50
3 14.41 14.55 13.20 13.40
4. 13.84 14.52 12.90 12.83
5 14.67 14.92 14.07 13.67
6 14.50 16.04 13.80 13.60
7 16.68 16.85 13.67 12.87
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APPENDIX II
FOR THE DETERMINATION OF THE CONSISTANCY 
OF THE METHODS FOR THE PREPARATION OF 
CANE SAMPLES (BY SPLIT CANE METHOD) 
PURITY OF EXTRACTED JUICE
1958-59 Season
Run Split Cane Portion Split Cane Portion
No. (1) (2)
FARREL MILL OPERATION WARING BLENDER OPERATION 
Sub-Samples Sub-Samples
(k) (b) (a) (b)
1 66.56 66.56 68.80 64.64
2 67.11 67.11 50.16 50.85
3 62.15 62.75 69.13 86.19
4 65.21 65.77 70.70 69.10
5 65.77 65.90 64.21 63.55
6 70.48 70.00 71.00 69.34
7 67.98 67.98 63.29 65.88
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APPENDIX II
PER CENT POL IN BOTTOM, MIDDLE, AND TOP
PORTIONS OF SUGAR CANE STALKS
1958-59 Season
SAMPLES* BOTTOM MIDDLE TOP
1 12.73 10.77 6.53
2. 12.67 11.04 6.21
3 11.15 11.61 5.76
4 12.57 11.50 10.26
5 8.88 9.01 5.44
6 12.27 11.04 6.95
' 7 12.96 10. 28 6.67
*10 stalk samples
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PER CENT FIBER IN BOTTOM, MIDDLE, AND TOP
PORTIONS OF SUGAR CANE STALKS
1958-59 Season
SAMPLES* BOTTOM MIDDLE TOP
1 14.31 11.49 10.64
2 13.33 11.35 11.37
3 15.19 11.23 11.28
4 13.20 10.52 10.20
5 13.85 10.90 8.03
6 14.14 11.11 9.46
7 14.52 12.64 11.09
*10 stalk sample
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APPENDIX II
PER CENT PURITY OF JUICE IN BOTTOM, MIDDLE,
AND TOP PORTIONS OF SUGAR CANE STALKS
1958-59 Season
SAMPLES* BOTTOM MIDDLE TOP
1 85.00 79.46 59.03
2 86.46 78.56 54.65
3 86.61 77.96 53.45
4 84.38 77.98 75.57
5 73.37 79.76 65.14
6 83.94 77.33 59.16
7 86.08 75.94 60.74
* 10 stalk sample
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APPENDIX II
PER CENT POL IN CANE
FOR SIX CORING POSITIONS
1959-60 Season
Date Mill
Analysis ______■________CORING POSITIONS
1-59 2-59 3-59 4-59 5-59 6-
Oct.20 10.46 9.78 10.71 10.17 9.58 10.44 10.30
Oct.21 10.05 8.99 10.00 10.63 9.66 9.88 9.53
Oct.22 8.46 7.97 8.34 8.23 7.82 7.88 8.26
Oct.23 12.55 7.91 7.66 7.87 8.29 8.78 9.04
Oct.27 8.29 7.81 9. 69 9.43 9.53 9.64 9.19
Oct.28 9.27 7.85 8.59 8.74 8.69 8.68 8.97
Oct.29 12.34 10.24 11.59 10.93 11.01 10.72 10.46
Oct.30 11.20 10.49 11.17 11.48 11.66 10.12 10.97
Nov. 3 9.92 9.38 9.11 9.57 8.94 9.24 9.79
Nov. 4 10.00 9.03 9.63 8.86 9.16 9.27 9.41
Nov. 5 10.23 10.70 10.71 9.60 8.77 10.58 10.58
Nov. 6 11.65 10.59 10.70 10.99 9.63 9.86 10.27
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APPENDIX II
PER CENT FIBER IN CANE
FOR SIX CORING POSITIONS
1959-60 Season
Date Mill
Analysis ____________CORING POSITIONS
Oct.20 12.55 14.28 12.35 12.79 12.96 13.82 13.18
Oct.21 12.00 13.36 13.48 10.89 11.86 11.87 12.86
Oct. 22 11.83 11.38 13.02 12.74 12.76 14.31 13.29
Oct.23 12.42 11.09 11.53 12.68 10.37 11.57 12.87
Oct.27 12.19 10.00 11.65 12.06 11.49 10.64 11.35
Oct. 28 11.60 .10.77 11.94 11.61 10.93 9.55 11.03
Oct.29 12.25 10.64 11.14 12.42 12.83 13.34 . 12.22
Oct.30 13.07 12.56 11.86 12.93 12.99 13.55 12.73
Nov. 3 12.28 12.34 12.08 12.05 11.67 11.34 11.44
Nov. 4 13.15 11.55 12.00 12.37 10.98 11.78 12.97
Nov. 5 11.38 10.99 9.45 9.90 10.47 11.30 8.91
Nov. 6 12.36 10.29 14.46 10.46 10.35 10.24 9.88
1-59 2-59 3-59 4-59 5-59 6-59
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APPENDIX II
PER CENT PURITY OF EXTRACTED JUICE
FOR SIX CORING POSITIONS
1959-60 Season
Date Mill
Analysis CORING POSITIONS
1-59 2-59 3-59 4-59 5-59 6-59
Oct. 20 73.36 77.65 73.32 76.24 76.11 76.94 78.51
Oct. 21 73.00 76.02 78.17 78.68 77.90 77.27 78.10
Oct. 22 67.59 70.00 71.85 71.76 70.08 71.74 72.87
Oct. 23 67.03 70.45 69.69 71.78 73.50 74.68 75.87
Oct. 27 74.66 67.85 78.90 76.99 77.83 76.81 73.49
Oct. 28 72.33 74.75 76.63 74.21 74.86 74.60 74.45
Oct. 29 75.85 78.18 80.79 80.86 81.09 81.73 80.49
Oct. 30 78.29 80.45 81.29 82.48 83.72 78.98 81.36
Nov. 3 73.77 74.20 74.88 74.07 72.69 73.39 76.60
Nov. 4 73.89 72.89 76.99 75.37 75.36 76.68 78.29
Nov. 5 74.29 80.28 79.95 80.82 71.82 82.16 80.49
Nov. 6 77.84 78.53 83.78 78.31 78.61 83.18 83.57
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APPENDIX II
PER CENT EXTRACTION OF JUICE FROM CANE
FOR SIX CORING POSITIONS
1959-60 Season
Date Mill
Analysis _____________ CORING POSITIONS
1-59 2-59 3-59 4-59 5-59 6-59
Oct.20 79.36 63.18 67.74 64.28 63.41 64.51 66.66
Oct.21 82.00 62.50 63.33 70.27 62.07 65.79 66.66
Oct. 22 79.85 68.75 65.22 69.44 66.66 64.86 69.76
Oct.23 84.85 69.23 70.00 68.18 68.42 68.18 69.23
Oct. 27 72.41 70.59 70.69 70.59 70.37 71.43 70.00
Oct.28 82.77 69.23 70.00 69.69 . 70.69 70.00 72.73
Oct.29 71.20 70.00 70.27 70.45 67.57 63.91 68.57
Oct.30 78.23 68.96 72.22 70.21 69.44 66.66 69.44
Nov. 3 84.08 66.66 71.05 67.86 70.59 70.59 71.87
Nov. 4 82.19 70.00 70.37 70.59 70.97 70.97 69.69
Nov. 5 89.38 70.37 74.28 73.68 71.87 68.75 75.00
Nov. 6 88.44 73.91 66.66 73.08 73.08 63.88 63.88
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APPENDIX II
PER CENT POL IN CANE
FOR TWO CORING POSITIONS 
(Near the Two Chains) 
1959-60 Season
Date Mill Coring Positions Average of
Analysis 1-59 2-59 Two Positions
Nov. 10 11.23 10.66 11.46 11.06
Nov. 11 11.97 11.75 11.86 11.80
Nov. 12 11.57 11.07 11.76 11.41
Nov. 13 12.18 9.47 10.32 9.89
Nov. 17 9.75 9.14 9.46 9.30
Nov. 18 9.35 8.66 9.26 8.96
Nov. 19 10.62 10.69 10.98 10.83
Nov. 20 10.45 10.41 10.66 10.53
Nov. 24 8.84 7.02 7.30 7.16
Nov. 25 9.05 7.37 7.96 7.67
Dec. 1 9.29 7.82 9.44 8.63
Dec. 2 9.69 8.99 9.78 9.38
Dec. 3 8.95 8.24 8.47 8.35
Dec. 4 9.19 7.87 8.51 8,19
Dec. 8 10.11 9.33 9.33 9.33
Dec. 9 8.57 9.20 9.32 9.26
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PER CENT FIBER IN CANE
FOR TWO CORING POSITIONS 
(Near the Two Chains)
1959-60 Season
Date Mill CORING POSITIONS Average of
Analysis 1-59 2-59 Two Positions
Nov. 10 14.78 14.47 13.44 13.95
Nov. 11 15.44 14.56 13.66 14.11
Nov. 12 13.64 13.65 12.08 12.86
Nov. 13 12.92 11.53 12.94 12.23
Nov. 17 12.66 12.60 11.86 12.23
Nov. 18 12.25 11.53 11.44 11.48
Nov. 19 12.05 12.18 10.74 11.46
Nov. 20 11.30 11.25 11.66 11.45
Nov. 24 11.28 12.41 11.67 12.04
Nov. 25 11.98 12.03 12.08 12.05
Dec. 1 12.70 14.13 13.76 13.94
Dec. 2 12.46 12.90 10.87 11.88
Dec. 3 13.86 11.79 10.63 11.21
Dec. 4 13.98 12.13 13.37 12.75
Dec. 8 12.32 13.64 12.10 12.87
Dec. 9 11.77 12.15 11.13 11.64
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PER CENT PURITY OF EXTRACTED JUICE
FROM CANE
FOR TWO CORING POSITIONS 
(Near the Two Chains)
1959-60 Season
Date Mill Coring Positions Average of
Analysis 1-59 2-59 Two Positions
Nov. 10 80.54 81.72 82.17 81.94
Nov. 11 79.86 82.97 84.36 83.66
Nov. 12 77.95 81.69 83.07 82.46
Nov. 13 78.36 80.36 80.11 80.23
Nov. 17 74.70 77.78 78.08 77.93
Nov. 18 73.79 75.15 79.24 77.19
Nov. 19 76.72 80.72 83.29 82.00
Nov. 20 75.43 80.74 82.81 81.78
Nov. 24 68.64 71.12 71.52 7J. 32
Nov. 25 70.00 71.03 73.45 72.24
Dec. 1 73.52 73.32 79.24 76.28
Dec. 2 74.81 77.23 77.57 77.40
Dec. 3 72.81 75.54 75.35 75.45
Dec. 4 73.62 74.88 77.21 76.04
Dec, 8 75.96 79.37 79.12 79.24
Dec. 9 72.53 78.30 78.13 78.21
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PER CENT EXTRACTION OF JUICE FROM CANE
FOR TWO CORING POSITIONS 
(Near the Two Chains)
1959-60 Season ,
Date Mill CORING POSITIONS Average of
Analysis 1-59 2-59 Two Positions
Nov. 10 72.57 58.33 60.86 59.59
Nov. 11 74.45 64.28 66.66 65.47
Nov. 12 80.96 68.57 72.00 70.28
Nov. 13 87.94. 64.00 65.52 64,76
Nov. 17 81.68 62.96 62.07 62.51
Nov. 18 82.63 68.75 67.47 68.11
Nov. 19 79.43 66.66 69.56 68.11
Nov. 20 82.67 70.97 71.87 71.42
Nov, 24 87.75 69.96 70.00 69.98
Nov. 25 79.97 66.66 68.96 67.81
Dec. 1 87.22 65.85 67.50 66.67
Dec. 2 84.29 67.74 70.83 69.28
Dec. 3 85.03 72.73 75.00 73.86 -
Dec. 4 88.91 73.68 72.00 72.84
Dec. 8 83.64 65.71 68.18 66.94
Dec. 9 78.33 72.22 64.51 68.36
APPENDIX III
SAMPLE CALCULATIONS
1. Sample weight before milling:
Weight of the Sample = Gross weight - weight of the Container
= 18.0 - 8.5 = 9.5 lbs.
2. Bagasse weight = Gross weight of Bagasse - weight of the
container
=11.4 - 8.5 = 2.9 lbs.
3. Juice weight = Gross weight - weight of the container
= 16.4 - 10.0 = 6.4 lbs.
4. Corrected Brix at temperature 20°C:
= Uncorrected Brix + the correction factor
= 18.3 + 0.0 = 18.3
5. Per Cent Pol of the Extracted Juice:
This is obtained from the Schmitz's table by using uncor­
rected Brix reading and corresponding polariscope reading.
In the case when Brix = 18.30 and Pol Reading = 63.60,
% Pol for the table = 15.38
6. Per Cent Purity of the Extracted Juice:
= (% Pol/Corrected Brix) x 100 = (15.38/18.30) x 100 = 84.04
7. Per Cent Moisture in Bagasse:
= Moist Sample - Dry Sample 
= 100 - 52.30 = 47.70%
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8. Bagasse Digestion (for the determination of the Pol % Bagasse):
(a) Sample Weight = 100 gm.
(b) Total weight after digestion 4,510 gm.
(c) Tare weight of the Capsule = 3,423 gm.
(d) Solution plus fiber = 1,087 gm.
(e) Assumed Fiber (-48 gm.) = -48 gm.
(f) Weight of the solution = 1,039 gm.
(g) Pol reading of the solution 
(400 mm Pol tube)
= 5.10
(h) Pol reading of the solution 
(200 mm Pol tube)
= 2.55
(i) Pol % of the solution 
(from Schmitz's table)
= 0.6595
(j) Weight of Pol in solution 
(wt. solution x Pol % solution)
= 6.85
(k) Per Cent Pol in Bagasse . 6.85
(1) Per Cent Brix in Bagasse 
(% Pol/Purity = (6.85/84.04)100)
= 8.15
(m) Per Cent Fiber in Bagasse = 100 - 47.7 - 
(100% moisture - 7„ Brix)
8.15 = 44.15.
(n) Per Cent Fiber in Cane = 44.15 x 2.9/9.5 s 13.47
( % Fiber in Bagasse x Wt. Bagasse \
\ Total Wt. of Sample J
(o) Pol per cent cane:
(% Pol in Juice)(Weight of Juice) + (% Pol in Bagasse)
_____________________________________Weight Bagasse
Weight of sample
= 115.3 81£6.,.4). + ,16.,85)12,_9j _
9.5 1
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APPENDIX III
STATISTICAL CALCULATIONS
Analysis of Variance: (Fiber % in Cane; Ref. to Appendix II)
(1) Core Positions = 6
(2) Total Runs = 12
(3) Total Number of Observations N = 7 2
72
(4) Sum of Observations 2X = 852.65
1
72
(5) Sum of Squared ZX2 = 10,203.07
1
72
(6) Correction Factor = 10,097.86
TT“
1 2 ; 2
(7) Sum of Squared due to P o s i t i o n s = 10,099.64
12
6
(8) Sum of Squared due to Bundles = 10,153.32
(9) Sura of Squared Deviations between Positions: 
10,099.64 - 10,097.86 = 1.78
(10) Sum of Squared Deviations within Bundles: 
10,153.33 - 10.097.86 = 55.47
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(11) Sura of Total Squared Deviations: 
10,203.07 - 10,097.86 = 105.21
(12) Discrepancy:
105.21 - 55.46 - 1.78 = 47.97
Degrees of Freedom
(a) Total 71
(b) Between Positions 5
(c) Within Bundles 11
(d) Discrepancy 55
Sura of Squared Deviations
variance: Degrees of Freedom
(a) Between Positions 1.78/5 = 0.3561
(b) Within Bundles 55.47/11= 5.0421
(c) Discrepancy 47.96/55= 0.8720
(d) Total 105.21/71= 1.4817
(15) F at 957. Confidence Level, obtained from Table D 
"Statistical Methods in Research and Production" 
by Owen L. Davies, page 396.
Variance Ratio Variance Ratio
F Fcal. theo.
Between Positions 0.24 2.36
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APPENDIX III
MULTIPLE RJSGRESSIONAL CORRELATIONS
Correlation With Two Independent Variates; (Brix of Juice as One)
Equation: Y = bQ + bxXx + b2X2 : Y = (Fiber/Pol)cane
X1 = <Brix/Pol),juice 
Xa = Brix of Juice
Total Number of Observations N = 28
ZY = 31.520 Y = 1.1257 ZY2 = 36.330
ZXx = 34.149 Xx = 1.219 ZX2 = 41.798
i
ZX2 = 485.86 X2 = 17.352 zx| = 8,480.405
Z ’Y2 = ZY2 - -<^ )-2 = 36.33 - (31.52)a/28 = 0.847
N
Z’xf = ZXf - = 41.796 - —
Z ’xl = ZX| - = 8,480.405 - = 49.693
Z'XiXa = ZXxX2 - = 5 9 0 . 3 9 8  - = -2.160
N
Z'X.Y = SXxY - m 38.5001 - m 0<05806
N 28
Z fXaY = ZX*Y - - ^ S X l  . 546.3185 . 115,314,300). „ _0>6209
N 28
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Partial Regressions! Coefficient:
0.05806 x 49.693 - (-0.6209) (-2.160)Di —  v  t IV ^  _ / v  I V  V  \ z s  ........... -i—  - i ■ i.» - i. .. . t \ ,mf.z XXZ X 2 (Z XxX2) 0>14? x 4 9 ^ 9 3  . (-2.16)2
= 0.57904
b = S ^ X g Z ^ i  - S1 YXiZ^iXg _ -0.6209 x 0.147 - 0.05806(-2.160)
2 z'xfz'xf - (Z'XxX 2 ) 2 = 0.147 x 49.693 - (-2.160)2
= 0.01267
Intercept;
bQ = Y - bxXx - b2X2 = 1.1257 - 0.57904 x 1.2196 - 0.01267 x 17.352 
= 0.19957
Correlation Coefficient;
R =
x
( biSfYXi + bgZ1YXa \2 
\ Z ’Y2 )
( 0.5790 x 0.05806 + 0.01267 (-0.6209) \£ _
" \ 0.847 ) ~ 0'i/4Kii
Sum of Squares of Regression;
Z'C2 = bxZ'YXx + b2Z'YXa = 0.5790 x 0.05806 + 0.01267 x (-0.6209)
= 0.025749
Residual Sum Squares;
Z'Y = Z'Y - Z’C = 0.847 - 0.025749 = 0.8217 
Degrees of Freedom 2
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Variance of Estimate:
- Z'Y2
S2 (Y) = - ■ — - 3 D.F. = N-3
= = 0.03286
M  J
Gaussian Multiplier:
!X 1 = S/Xj_____________;  49.693
2
SL _______________________________
2!X?2'xi - (S'XxXa) 2 0.147 x 49.693 - (-2.160);
= 18.636
s'xf
C2 2  = 1 2 1 2 /I ' v £ = 0.05533
2 'xfz'xi - (S'XiXa)
Cx2 = -----•— L* 2-----   = 0.81003
S'XfZ'xI - (S'XxXa)2
Variance of Regression Coefficient: 
S2(b x) = S2 (Y)C1X = 0.6123 
S(ba) = (Sa(Y)Cxx)2 = 0.7826 
S2 (ba) = (S2 (Y)C22) = 0.001818 
S(b2) = (0.001818)  ^= 0.042646
t* = 2.060 
b 1 - b
t, =1  = 0.7398 bx = t(2.060)(S( b o ) = to,
1 2 = b-2-";- = 0.29719 b 2 = t(2.060) (S(ba)) = to,
S(ba)
* Table 6.1, page 99, Applied Statistics for Engineers, 
W. Volk: McGraw-Hill Book Co., Inc., New York.
1607
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Variance Test for Correlation:
Sum of 
Sauares D.F.
Mean
Squares
Z'C2 = 0.025749 2 0.01287
S'Y2 = 0.8217 25 0.03286
S'Y2 = 0.847 27 0.03137
z'c2 /d.f.
F = E'y2 /D.F.
0.01287
0.03286
= 0.391
F0,05 2 25 = 3.38
* Table 7.8, page 148, Applied Statistics for Engineers, 
W. Volk: McGraw-Hill Book Co., Inc., New York.
APPENDIX IV
Part I
Estimated Requirements and Costs Typical Cane Testing 
Laboratory Current Sampling and Testing Procedures
Nu,nber J Description of Item ^  Total
Required_____________________________________Cost_______ Cost
6 Pipettes, Volumetric, 10 ml* 1.31 7.86
Curtin #17280H
2 Burrettes, Automatic zero, 25 ml 6.60 13.20
burrette 1 0 0 0  ml bottle,
Curtin #2737B
1 Saccharimeter, Bausch & Lomb, with 1,700.00
Lippich Polarizer, Curtin #20202
36 Beaker, tumbler form, 802, with 0.90 32.40
pour-out, Curtin #2289
72 Bottles, Round, Wide Mouth, 802, 0.80/dz 4.80
Curtin #2360E
3 Bottles, Round, Narrow Mouth, 5 gal 2.65 7.95
Curtin #2365E
1.5# Rubber .stoppers, Lab. Quality, 1.25/# 1.88
Solid, Size 6 |, Curtin #18810G2
3 Polariscope Tubes, Glass, 200 mm 24.00 72.00
Curtin #20205E3*
3 Ditto, 400 mm, Curtin #20205E4 25.00 75.00
1/2# Rubber stoppers, Lab. Quality, 1.25/# 0.63
2 hole, Size 7, Curtin 18812B5
24 Hydrometers, Brix, Plain form, 3.00 72,00
precision grade, Range 10-20°,
Curtin #10428
6 Ditto, range 20-30°, Curtin #10429 3.00 18.00
36 Cylinders, Hydrometer, Plastic, 4.50 162.00
Size Is" x 15", Curtin #6400C
3 Bottles, Dropping, polyethylene, 0.45 1.35
202 capacity, Curtin #2438C
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Part I
(Continued)
Number
Required Description of Item
Unit
Cost
Total
Cost
6 Thermometer, Sugar Solution, 
Floating Range -10 + 50°C.
2.92 17.52
36 Funnels, stemless, ribbed, 
copper, 4" dia., Curtin #8302*
2.75 . 99.00
TOTAL COST $ 2,285.59
* Catalog numbers refer to W. H. Curtin Co 
(Catalogue No. 40).
. of New Orleans,
Part 11
Estimated Additional Equipment and Costs 
For Bagasse Fiber Analysis
Number
Required Description of Item
Unit
Cost
Total
Cost
1 Balance, Solution, metric, 
capacity 5 Kg, Curtin #1945B
80.00 80.00
1 Balance, Laboratory, capacity 
2 Kg, Curtin #1905
37.50 37.50
1 Balance weights, Metric, Laquered 
Brass, Class C, 2000 gms to 1 gm 
Curtin #2151H
24.00 24.00
1 Balance Weights, Metric, Frac- 
tionals Class C, Curtin #2158
3.20 3.20
2 Forceps, curved tip, stainless 
steel, Curtin #8249B*
0.35 0.70
4 Cylinders, graduated, Exax Brand 
glass, Serial 20,025, capacity, 
1000 ml, Curtin #6428M
25.81
2 Moisture Testers, Dietert #278A 
Harry W. Dietert Co., Detroit 4, 
Michigan
370.64 741.28
206
Part II 
(Continued)
Number
Required
Description of Item Unit
Cost
Total
Cost
4 Sample pans for Moisture Teller, 
#278A, 4M deep, 100 mesh bottoms
21.47 85.88
6 Double-boiler, copper or aluminum 5.00 
3 quart size, for bagasse analysis
30.00
TOTAL COST $ 800.97
* Catalogue numbers refer to W. H. Curtin Co., of New Orleans, 
(Catalogue No. 40).
Part III
Estimated Additional Equipment and Costs 
Waring Blender Procedure
Number Description of Item Unit Total
Required_____________•_________________________ Cost_______ Cost
3 Stirrer, Waring Commercial Blender 275.00 1,050.00
one gallon capacity, Curtin #19974W*
* Catalogue numbers refer to W. H. Curtin Co., of New Orleans, 
(Catalogue No. 40).
Part IV
Estimated Requirements and Costs 
Laboratory Building and Equipment
Number
Required Description of Item
Unit
Cost
Total
Cost
1 Test Bench for Brix Determination 125.00 125.00
1 Work table (desk) 125.00 125.00
2 Chairs, straight 10.00 20.00
1 Storage cabinet, supplies 100.00 100.00
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Part IV 
(Continued)
Number
Required Description of Item
Total
Cost
1 Laboratory Building, 15' x 30', 
includes plumbing, wiring, heating 
and ventilation
2,500.00
1 Dark room for Saccharimeter 150.00
TOTAL COST $3,020.00
Part V 
Summary of Investments 
A. Current Sampling and Testing Procedure:
1. Equipment Cost $ 2,285.59
2. Laboratory Building & Furnishings 3,020.00
. TOTAL $ 5,305.09
Farrel Test Mill plus Fiber Determination:
1. Equipment from A $ 2,285.59
2. Additional equipment needed for 882.97
Bagasse analysis
(Equipment) SUB-TOTAL $ 3,168.56
3. Lab. Building & Furnishings 3,020.00
TOTAL $ 6,188.56
Waring Blender-Chipper Procedure:
1. Equipment from A $ 2,285.59
2. Equipment from B 882.97
3. Waring Blenders 1,050.00
(Equipment) SUB-TOTAL $ 4,218.56
4. Lab. Building and Furnishings 3,020.00
TOTAL $ 7,238.56
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